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PREFACE 

The Special Aviation Fire and Explosion Reduction Advisory Committee (SAFER) 
(Reference 1), recognized that aircraft seat cushions represented a 
p:>tentially im{x>rtant fire source. The SAFER committee recanmended that 
fire blocking layers should be evaluated for seat construction. 

The Federal Avittion Administration. (FAA), acting on this recanmendation, 
evaluated Vonar , a neoprene foam blocking layer, in a full-scale cabin 
fire test facility to examine its effect on p:>stcrash fire pr~agation in 
the aircraft (Reference 2). The use of a \bnar fire blocking layer with 
conventional seats significantly decreased the flammability of the seats and 
increased the survivability time (Reference 2). The additional weight 
assoc~ated with the use of Vonar-3, with a weight of 0. 918 kg/m3 (27. 0 
oz/yd ) , in the u.s. fleet, aroc>unted to a cost of approximately 
$31,000,000 per year averaged over a 10 year period (see Appendix E-1). 

The Chemical Research Projects Office, Ames Research Center, under::- an 
Interagency Agreement with the FAA, was charged with the responsibility of 
optimization of the seat blocking layer design with regard to fire 
performance, wear, comfort, and cost. 

'Ib achieve the atove goal, various fire blocking materials were 
chacactecized in terms of their (a) fire protection, (b) wear, (c) comfort, 
and (d) cost as compared with currently used seats. 

From our studies (see Append ices B and C) , it has been shown that a number 
of improved fireworthy seats can be made 1:¥ protecting the cushion with a 
variety of fire blocking layers. 

The optimum material is tbrfab® llHT-26-Al, an aluminized fabric which 
will cost $11,600,000 over the l:aseline cushion and provide approximately 
similar fire performance as the Vbnar-3 wrapped seat under small-scale fire 
test conditions (Appendices B-1 and C-1). 

'Ihis optimization program showed that some fire block.ing layers such as 
N::>rfab llHT-26-Al gave better fire protection when used with non-fire 
cetarded urethane. Thus, it is possible to use non-fire retarded urethane 
with a density of 19.2 kg/m3 (1.2 lb/ft3) with the N:>rfab llHT-26-Al at 
a cost of only $7,880,000 over the l:aseline. This represents a fourfold 
improverrent over the cost with the Vbnar-3 material • 

'll1is rep:>rt is pcesented in t\\0 parts - Sections 1-7 which describe the v.ork 
canpleted under the Interagency Agreement, and Section 8, the Appendices, 
where individual studies may be found. 

Vonar® is registered trade mark of E. I. du R:>nt de NeiiDUrs Co., Inc. 
tbrfab® is a registered trademark of the N:>rfab Corp. 
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EXECUTIVE SUMMARY 

The purpose of this study, conducted under an intergency agreement between the 
Federal Aviation Administration (FAA) and the National Aeronautics and Space 
Administration (NASA), was to select and evaluate low-weight fire blocking layers 
for aircraft seat cushions to minimize the cabin hazards created by a postcrash 
fire. 

The general approach was to evaluate the fire hazard characteristics and mechanical 
properties of a series of candidate seat cushion fire blocking layers, and 
accurately compute the weight differential and manufacturing cost of each candidate 
system as well as the impact on airline operating costs for the U.S. Fleet over a 
period of 10 years. From this work, a number of blocking layer configurations, 
optimized for fire hazard reduction and minimal weight penalty, have been derived 
for full-scale fire test evaluation at the FAA Technical Center. 

A series of eleven seat fire blocked configurations was evaluated using various 
fire test methods and laboratory tests. From these tests, it was concluded that 
seat cushions constructed with such fire blocking materials as Norfab llHT-26-Al 
in combination with non-fire retarded urethane foam provided a definite reduction 
in the fire hazards with a minimum weight penalty. 

• 

.. 
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1. INTRODUCTION 

Among exi~ting ccmroorcially u.soo cushioning ,(X)lymers, there is proi::Rbly no 
better material from mechanical aspects and cost (ca. $0.15 per board foot) 
than conventional flexible polyurethane foams, and, unfortunately, none more 
thennally sensitive. These .())lyners, because of their easily pyrolyzed ure­
thane groups and thermally oxidizable aliphatic linkages, exhibit .())lymer 
decanposi tion te:nperatures of ca. 250° C (508 ° F), maximum pyrolysis rates 
at 300° C (598° F), with a total yield of pyrolysis vapor of about 95%, most 
of which is combustible. One would expect these materials to ignite easily 
with a low power energy source, and when ignited, effect sustained flame 
propagation even after re:noval of the heat source. 

This report exrunines the possibility of increasing the available egress time 
for pissengers fran aircraft exposed to a large fire, by providing fire 
protection for the polyurethane cushioning. 

At the present time, all cammercial transport aircraft are fitted with fire 
retarded flexible polyurethane seat cushions (bot tans, hicks, and head 
rests) with an average foam density of 29.9 kg/m3 (1.87 lbs/ft3). With 
average seat construction, there are about 2. 72 kg (6 lts) of foam per seat. 
For 2,000 aircraft with an average of 200 seats per aircraft, this amounts 
to 921,000 kg (2 million lbs) of flexible polyurethane foam in use. The op­
tions one might consider as seating alternatives to effect improvE!Tlent in 
the fire\\Qrthiness of aircraft interiors, and their limitations, are use of 
the following: 

§ fire resistant 
limitations: 

non-metallic (polymeric) materials 
high cost, difficult processability, low 
durability and camfort factors 

§ plastics and elastomers with fire retardant additives 
limitations: not effective for postcrash fires 

§ fire blocking layers (FBL) 
limitations: essentially none; although compranises will 

have to be made in the choice of an FBL with 
respect to ult~te performance as a function 
of cost and weight , and the costs of lator 
involved in asse:nbling a composite seat cushion • 

The same classes of high char yield polymers that are known to be outstand­
ing ablative materials (sacrificial materials designed to be consumed in 
order to protect other components) such as phenolics, polyimides, and poly­
benzimida7nles (PBI), can be made fire resistant enough to inhibit both 
propagation and flash-over when used as replacements for polyurethane in 
seats. However, when so designed, they all suffer serious limitations be­
cause of cost, processabili ty, comfort, and durability (brittleness). 
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f'b fire retardant additive known to date can suppress production of conhls­
tible vapor fran p::)lyurethane foams under sustained heat fluxes. The only 
real option that exists at present with canrrercially available canp:ments 
seems to be the fire blocking approach; that is, to provide cost and weight 
optimized ablative materials in the form of foams, or fabrics, which will 
expend and dissipate the heat flux incident on the seats by producing non­
toxic non-combustible residues. Eventually, however, the ablating FBL will 
be consumed, and attack on the polyurethane foam will occur. The time 
needed for ablation of the FBL, \\hich is then the protection interval for 
the p:>lyurethane foam, should be optimized as a function of cost, weight, 
durability, and other contributing factors, to provide the requisite egress 
time for aircraft passengers. 

One of the largest contributors to the development of a hostile environment 
inside an aircraft cabin during a fire is the production of flammable and 
toxic vapors from soft fabrics and furnishings, the bulk of which are con­
tained in the seats. The flammable vapors produced by thermal decanpasi t­
ion of the urethane foam cushions are ass\.JTled to be the largest single 
factor contributing overtly to this hostility factor during such a fire. 
Thus, it is deemed necessary to find an FBL to minimize the hazards created 
in the JX)St-crash aircraft fire. Preliminary studies (Reference 2) have 
shown that Vonar-3, 0.48 am (3/16 in) thick, is a good ablative FBL, but it 
carries a heavy weight penalty producing significantly increased operating 
costs. This study \VaS performed to find an FBL which will provide greater 
cost benefits and comparable, if not better, heat blocking perfo:rrrance than 
0.48 em (3/16 in) thick Vonar. 

The main purpose of this investigation is to evaluate the fire hazard char­
acteristics and mechanical properties of a series of candidate seat cushion 
FBLs, to accurately compute the weight differential and manufacturing costs 
of each candidate systan, and to provide a quantitative assessnent of the 
effect of these factors on airline operating costs for the u.s. fleet over a 
period of ten years. From these data, FBL configurations will be character­
iz..ed and ranked for fire hazard reduction and minimal weight penalty, and 
will be recanrrended in rank for full-scale fire test evaluation at the 
Federal Aviation Adrrdnistration (FAA) Technical Center. 

Initial interest in this problem of passenger survivability time, and the 
developnent of severely hostile cabin environments, began when it \VaS shown 
that a Vonar-3 FBL over normal polyurethane foam cushioned seats provided a 
significant reduction in fire hazard in a full-scale fire test (the C-133 
wide-body test facility at the FAA Technical Center). Preliminary data from 
the FAA Technical Center indicated that the Vonar-3 blocking layer, when en­
casing a conventional fire retardant (FR) urethane cushion, appeared equiva­
lent in fire protective rerformance to full-cushion LS-200 neoprene, and 
superior in performance to full-cushion polyimide, full-cushion FR urethane, 
and 0.48 am (3/8 in) LS-200 neoprene blocking layer over FR urethane 
(Reference 5). However, use of a Vonar-3 blocking layer resulted in an 
estimated weight penalty of 1. 8 kg ( 4 Us) per seat. Thus, due to ever 
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increasing fuel costs, the Vonar-3 blocking layer may not be cost effective 
(see Appendix E-1). An FBL is then needed which affords fire protection as 
well as co.gt effectiveness (both in tettYS of weight penalties and intrinsic 
costs of manufacturing and assembly) for the u.s. fleet. 

With this l::ackground, a work stataoont and interagency agre~nt was devel­
o~1 between the Federal Aviation Administration and the National Aeronaut­
ic.<:> and Space Administration (NASA). The studies described above indicated 
that an FBL configuration must be found which best fits four often con­
flicting criteria: 

first, it must be a sui table FBL; 
second, it must be light-weight to minimize fuel costs; 

third, it must be canfortable, and 
fourth, l t must have reasonable manufacturing and 

processing costs via no:rmal canrrercial sources. 

The work statanent in the interagency agreement between the FAA and NASA de­
lineates three specific tasks aimed at accomplishing this goal: 

1. Selection and fire tests of candidate FBL rm.terials 

2. Developrent of a weight and econanics algorithm for aircraft 
se..at cushion configurations to determine ca:;t effectiveness 

:1. Mechanical tests of optimum FBL configuration..<:>. 

This report is the culmination of a group effort to accanplish these goals. 
In the following section of this report, each of these three tasks will be 
defined in detail, with results and discussion of the work performed in ac­
complishing these tasks. Individual contributions may be found in the 
Appendices at the end of this report. 
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2. SELECTION AND FIRE TESTIN:J OF CANDIDATE FIRE BLO:XIN:J LAYERS 

2.1 MEQIANISTIC ASPECTS OF FIRE Bl...(X;KING BEHAVIOO: There are various fire 
blocking mechanisms thought to occur with existing materials that are pos­
sible candidates for blocking layers. These are described briefly below: 

Transpirational cooling occurs via emission of water vapor to cool the 
heated zone. Vonar, a family of low density and high char yield foams, usu­
ally doped with Al(OH)3 powder, contains a large fraction of water of 
hydration, and is one of the best candidates in this class. It is available 
in three thicknesses, Vonar-1 0.16 em (1/16 in), Vonar-2 0.32 em (2/16 in), 
and Vona.r~ 0.48 an (3/16 in). Materials mich depend on transpirational 
cooling by mass injection into the environment can be very efficient at high 
heat fluxes. Unfortunately, these systans are less efficient on a ~ight 
basis than those using other fire protection mechanisms. 

High tanperature resistant fabrics such as PBI and Preox® (registered 
tradE.IDa.rk of Gentex Corporation), with char yields in excess of 6Cfl,, are ex­
cellent candidates that utilize a re-radiative fire protection mechanism. 
Sui table felt fabrics, 'Which are also good insula tors, have been prepared 
from these polymers in fiber form. These potential fire blocking materials 
exhibit high tanperattlre stability with low thermal conductivity. Fabrics, 
felts, and mats with excellent high temperature insulation properties can 
also be obtained fran inorganic materials such as silica and alumina. Also 
to be considered are the highly reflective continuous surfaces, such as 
a lurninum foils, 'Which function by distributing the incident radiant energy 
and thus reducing local heat loads. 

Another mechanism 'Which may be important in controlling the effective 
mass injection rate is the ability of the material to initiate vapor phase 
cracking of the canbustible vapor species generated by the low tEmperature 
pyrolysis of the p:.>lyurethane sul:strate. The action of the FBL itself in 
inducing these endothermic processes can be a very linportant contribution to 
overall fire protection abilities. All of these materials in sufficient 
thicknesses, in canbina tion or individually, can provide the ra:t.uired degree 
of thermal protection necessary for fire safe JX)lyurethane cushioning. 

r~arn:ination of the heat conduction and thennal radiation properties of the 
seat cushion materials has led to the developnent of a simple cushion model 
ba.sed on six identifiable layers. This m::xiel cushion consists of the fol­
lowing six layers: 

1. the wool-nylon decorative fabric layer 
2. the re-radiative char layer (fonned fran the heat 

blocking layer by thermal degradation of a suitable 
fabric or foam) 

:3. the transpiration layer (allowing vapor exchange) 
4. the air gap layer 
5. the reflective layer (to assist in controllifY6 

radiant energy) 
6. the cushioning foam (the prirm.ry canp:ment 'Whicl1 

requires thermal protection). 

.. 

" 
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In Eane cases, for example l.S-200 neoprene and polyirnide, the FBL and cush­
ion are a single substance, with no need for any additional FBL component. 
Re-radiation can be effected by either reflection fran an emissive surface 
of alwnimnn or from a hot char surface formed. 'lb.e use of alwninum cover­
ing on high temperature stable and/or char formdng interlayers is important 
in redistributing the local incident radiation, and the hot char or carbon­
ized layers fonned can dominate the re-radiation process. Thus, aluminized 
char forming high temperature materials, such as Preox 1100-4 or rbrfab 
llHT -26-Al , provide the best cambina tion of rechaniSllS. Nevertheless, it 
should be noted at this point that efficient FBI.s are by no rooans limited to 
these kinds of materials. 

A major danger in aircraft fires is \\hat is tenned "flash-over", \\here flam­
mable vapors trapped high up towards the ceiling of the cabin will suddenly 
ignite and propagate the fire acrcss the whole upper interior of the air­
craft like a wave. A suspected major source of flamnable vapors leading to 
this condition is the decomposition of polyurethane foam. 

In ablative (sacrificial) protection of a flammable substrate such as the 
flexible polyurethane foam, \\herein a limited anount of controlled pyrolysis 
by the FBL is not only allowable t:ut encouraged, secondary internal char 
forrm.tion by thennal cracking of the urethane pyrolysis vapor is additional­
ly beneficial. Firstly, that pirt of the evolving cant:ustible gas \\hich is 
fixed as a char cannot pirticip;tte in the external flaroo spread and the 
flash-over process. Secondly, the additional char layer assists in insulat­
ing the renainder of the foam from further pyrolysis. Venting of the seat 
cushion is necessary to prevent sudden release of camt:ustible gases, and can 
allow additional cooling via rm.ss exchange processes. 

2.2 RATIONALE FOR THE SELECI'ION OF TEST MATERIALS: In delineating the 
rationale for materials selection, one must remember that there is a wide 
range in radiant heating rates to which the seat sections are exposed in an 
aircraft fire. In exposing the seats in the C-133 test aircraft to a large 
pool fire through an opening the size of a door in zero wind conditions, one 
encotmters an actual heating rate of 14 Wjcrn2 (12.3 Btu/ft2·sec). This 
decays to 1. 7 w;an2 (1.5 Btujft2•sec) at the center line of the aircraft 
(Reference 6). Thus, one of the app;trent problems in trying to define the 
thei'Tml environment, which is necessary before one can consider the materi­
als response, is the highly geometrically variable distribution of heating 
rates, ranging fran values as high as 14 to as little as 1. 7 WI an2. One 
must recogni:?..e also that the seat presents an oblique and irregular view an­
gle to the incoming radiation. Under such fixed wind conditions, the seat 
will undergo pyrolysis to generate a 90% (by \\eight) yield of cant:ustible 
gases from the urethane cushion core. At nominal heating rates of 1-2 
W/cm2 , this pyrolysis rate is not influenced by the presence of contempor­
ary incorporated chemical fire retardants. The possibility of modifying the 
stru1dard state-of-the-art polyurethane seats via the incorporation of dlemi­
cal fire retardants was eliminated fran further consideration. Bricker 
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(Refer-ence 4), using tests in the 737 at NASA-Johnson Space Center, showed 
clearly that at heating rates above 4-5 Wjcm2 there was little or no dif­
ference in suppression of fire propagation from seat to seat for chemically 
retarded polyurethane compared to untreated polyurethane. 

The primary objective in modifying the seats to increase their fire resist­
ance is simply to reduce the rate of production of flammable vapors from the 
urethane oore cushion, and prevent the injection of such flammable gases 
into the p:tssenger enviromtent - a critical issue. Under the conditions 
that exist in .(X)stcrash fires, it is quite clear that nothing can oo done to 
influence vapor production from the polyurethane. An alternate option is to 
replace the polyurethane with materials that do not yield flammable vapors 
on pyrolysis. Under the enonnous heat fluxes that exist, such materials 
wi U still pyrolyze, however, the pyrolysis process should produce a non­
flammable char, leading to self-protection of the remaining foam. The poly­
imide foams represent an example of this kind, providing a high char yield 
on pyrolysis, and not releasing flammable vapors into the environment. Un­
fortunately, the cross-link density and aromaticity required to achieve the 
level of char yield was inconsistent with the mechanical properties, comfort 
factors, resiliency, and durability of the seat, and these materials were 
eliminated from further consideration. 

Thus, since we cannot replace the polyurethane core itself with another foam 
that will not pyrolyze to a flammable vapor, then we must use an insulating 
layer to provide the requisite protection. This FBL will provide ablative 
(sacrificial) protection of the polyurethane foam core. Even with the FBL 
present, it is still deemed necessary to prevent localized attack on the 
f:Dly tlr-ethane cushion, necessitating some fonn of secondary protection (or 
protective layer) that will allow dissipation of the heat flux over as large 
an area as possible. The obvious method is to use a "wrap" made from highly 
conductive aluminum sheet (aluminum minimizes any weight penalty, and has 
one of the best them1a.l conductivity coefficients available for any canrron 
metal) , such that the lateral conduction capabilities wi 11 reduce local hot 
spots, and further enhance the action of the FBL. There are several of 
these heat resistant, not easily pyrolyzed, low volatility \\Oven fabric 
rmterials: Nanex® and Kevlar® (registered tradem.rks of the E. I. du R>nt 
de Nemours Corporation), and Kynol® (registered trademark of American Kynol 
Cbrporation). T\\0 that are camnercially available as aluminized carbon­
fibre tased fabrics are Panox® (registered trademark of RK Textiles Com­
posite Fibres, Ltd.) and Celiox® (registered trademark of Celanese Cbr­
poratlon), and the alurninized-Norfab materials containing Kynol, Kevlar, and 
Nomex. 

Che surprising factor arerge:i on examination of these aluminum protected 
fabric FBL systems. Since they are thin, it was not possible to maintain a 
zero temperature change oot\\een front and hick face of the FBL, and thus 
neet3ssarily some degradation of the surface of the polyurethane foam cushion 
wi 11 occur. However, the l:nck-surface of these FBL systans behaves as an 
efficient (and hot) catalytic surface, producing rapid pyrolysis of the 

.. 
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potentially flamnable vap;:>r (and thus curtailment of their escape into the 
environment). Seoondly, this endothennic pyrolysis action produces an in­
trinsic fire ablation mechanism, and finally, yet a third protective mechan­
ism ensues, in that the pyrolysis process produces a thin (but effective) 
char layer from the polyurethane itself, strengthening the overall ablative 
~rechanism fran the FBL, and further protecting the remainder of the foam. 
This three-fold bonus action, which is non-operative in the absence of the 
FBL itself, provides a oonsiderable degree of synergism between FBL and cen­
tral foam cushion. More interestingly, this synergisn seens to be stronger 
w.lth NF foam (a lighter and more desirable core cushion) than with FR foam! 
Finally, a fourth advantage is apparent, since it should be noted that the 
ali.Dninum layer provides a degree of impermeability to the FBL wrapped around 
the foam core. This helps to prevent liquefied urethane vap;:>r fran dripping 
out of the cushion onto the floor, and fonning small seoonda.ry rool fires 
underneath the tanks of seats. 'Dlis in itself is a valuable contributing 
factor in preventing the attainment of a lethal environment in the p19senger 
cabin of an aircraft. 

We may sLllTllmrize the various factors contributing to our rationale for 
rraterials selection, and limiting the cushion configurations tested: 

(1) Chemical modification of polyurethanes to provide fire retardant 

(2) 

(3) 

properties was eliminate:i tased on Bricker's \\Ork which showed 
lack of effectiveness in suppressing the pyrolysis rate. 

There are no carunercially available foam cushion systems which 
have all the qualities needed for a seat such as comfort and 
durability and yetprovide sufficient fire protection. 

The most efficient method for ablative protection at high heat­
ing rates (5-14 W/crn2 ) is to use a transpirational mechanisn 
ablater. The most efficient transpirational ablater we know is 
neoprene highly loaded with Al(OH) 3 , \\hich gives aboot 50% (by 
~ight) injection rate of water into the envirorment (essen­
tially, the ablater is spent completely before the foam cushion 
begins to decompose at all). 

It t1as been detennined previously (Reference 2) that seat arrays heat block­
t-"Cl with a neoprene FBL transpirational ablater at 1.0 kg/m3 (30 oz/yd3) 
was able to effect an increase of approximately 1 minute in the egress time 
when tested under large scale conditions. The major problan was that use of 
such an FBL produced an increase of 1.8 kg (4 lbs) in the seat, and is con­
siderably more expensive to use. 

2. :~ MA1'ERIAL'3 S8LEC~D: In formulating our restricted set of cushion con­
figurations, the following canponents were selected: 

2. 3. 1 DEOORATIVE OOVER MA.TERIAL.S: The upholstery rna terial selected was a 
blue-colored standard \\OOlfnylon blended fabric currently in use by a com­
mercial airline company. 
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2. 3. 2 FDAM CUSHIONH.[i MATERIALS: Two types of cush.ioning foam were usoo in 
these studies, a fire-retarded .(X>lyurethane (FR, with density of 29.9 
kg/rn3, 1. 87 lb/ft3) and a non-fire retarded polyurethane (NF, density of 
2:3.2 kg/m3, 1.45 lb/ft3). A second fonn of NF foam was used for one 
test, involving a low density foam (16.1 kgjm3, 1. 0 lb/ft3). 
Cornpo.sition of the NF .(X>lyurethane is given in Table 1. Composition of the 
FH. rx>lyurethane is not known (cannercially controlled proprietary 
inforrmtion), but it is a...:;sume:i to contain d1emically incorporated 
or-gano-halide and/or organo-phosphorus canponents as the fire retardant. 

Table 1: Contents of Non-Fire Retarded Polyurethane Foam 

Ganponent Parts qy Weight 

!=blyoxypropylene glycol (3000 M. W.) 
Toluene diisocyanate (80:20 isomers) 
Water 
Silicone surfactant 
Triethylenediamine 
Stannous octoate 

100.0 
105.0 

2.9 
1.0 
0.25 
0.35 

2.3.3 FIHE HI..O:XINJ LAYEHS (FBL): This is not a materials developnent 
study, rut merely an experimental comp1rison of "off the shelf" rna.terials. 
Potential candidates are listed in Table 2 and are all CO'TliOOrcially avail­
able. As stated above, the optimum fire blocking seat should give equival­
ent or better fire blocking perfonnance than Vonar-3 with no increase in 
contemporary seat \\\~ight or price. 

Criteria were established to screen potential fire blocking rna. terials 
prior to inclusion in this study. TI1ese criteria included: 

(a) fire blocking efficiency as it relates to weight, 
(b) mechanical properties with respect to comfort, 
(c) wear of the F13L, and 
(d) coot. 

Any FBL that did not perfonn ade:tuately in each of the above categories was 
di.squali fied. Several FBI..s possessing optimum fire blocking efficiency 
under laboratory tests were also tested by the FAA in full-scale tests 
(C-133) to detennine fire prop1gation under the simulated postcrash fire 
conditions. Wear properties were not evaluatoo in detail and only prelimi­
nary and partial results are given in the report. Complete test results 
will oo provided in a separate report. 
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TABLE 2: SEAT CUSHION OONFIGURATIONS SELOC'TED roR EVAUJATION 

Config­
uration Foamt 

Fire-Blocking 
Layer (FBL) 

FBL Weigbt Suppliers of 
kl/•2 oz/yd2 Fire Blocking Layers 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

FR urethane• 
FR urethane• 

PR urethane• 

FR urethane 

PR urethane 

PR urethane 

FR urethane 

NF urethane• 

NF urethane 

LS-200 Neoprene 
Polyimide 

none 
Vonar-3, 0.48 em (3/16 in) 0.91 27.07 

Vonar-2, 0.32 em (2/16 in) 0.67 19.97 

LS-200 neoprene 0.95 em (3/8 in) 3.0 84 

Preoll 1100-4 0.39 11.53 
aluminized Preox fabric, 
plain weave, neoprene 
CTD, P/N 1299013 

Norfab llHT-26-Al 0.40 11.8 
aluminized on one eide, 
25' Nomex, 701 Kevlar 5' Kynol, weave structure 
hl plain 

181 E-Glass, Satin Wsavs 0.30 9.2 

Vonar-3, 0.48 em (3/16 in) 0.92 27.07 

Norfab llHT-26-Al 0.40 11.8 

none 
none 

NF urethane light Norfab llHT-26-Al 0.40 11.8 

Chris Craft Industries 
1980 East State St. 
Trenton, NJ 08619 
Chris Craft Industries 
1980 East State St. 
Trenton, NJ 08619 
Toyad Corporation 
16 Creole Drive 
Pittsburg, PA 15239 
Gentell Corporation 
P.O. Boll 315 
Carbondale, PA 18407 

Amatell Corporation 
1032 Stonebridge St. 
Norristown, PA 19404 

Uni1lass Industries 
Statesville, NC 
Cbris Craft Industries 
1980 East State St. 
Trenton, MJ OB619 
Amatex Corporation 
1032 Stonebridge St. 
Norristown, PA 19404 

Amatex Corporation 
1032 Stonebridge St. 
Norristown, PA, 19404 

Notes on Table 2: 

All decorative upholstery is a wool/nylon blend fabric (R76423 Sun Eclipse, Azure Blue, 78-3880) 
by Collins l Aikman, Albemarle, NC. 

t Suppliers of Foams: 
FR urethane (No. 2043 FA foam, density of 29.9 kl/•3 or 1.87 lb/ft3): 

North Carolina Foam, P.O. Boll 1112, Mt. Airy, NC 27030. 
NF urethane (medium firm, ILD32, density of 23.2 kg/m3 or 1.45 lb/ft3): 

Foam Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 90701. 
NF urethane light (16.1 kg/m3 or 1.0 lb/ft3): 

Foam Craft, Inc., 11110 Business Circle Dr., Cerritos, CA 90701 
Polyimide foam (19.2 kg/m3 or 1.2 lb/ft3): 

International Harvester, 701 Fargo Ave., Elk Grove Village, IL 60007 
LS-200 neoprene foam: Toyad Corporation. 

These polfurethane foams were covered by a cotton/muslin fire-retarded scrim clotb, weighing 
o.08 kgfm2 (2.6 ozfyd2). 



10 

2. 4 FIHE TESTIJ'G OF CANDIDATE SEAT CUSHION OONFIGURATIONS: The second task 
describErl in the agreement was to evaluate candidate seat-cushion/FBL con­
figurations using a series of fire tests ranging fran small sample tests to 
large scale tests on full mnks of seats. 

2. 4. 1 NASA-AMES T-3 BURNER TEST RESULTS: A series of initial screening 
te:;tc:; for JX)tential candidate blocking layers was conducted by Scientific 
Services, Inc. (Red'MX>d City, CA) for NASA. The objective of these tests 
was to canpare the effects of thennal exposure on the standard seat cushion 
(the lnseline reference seat was taken to be FR JX)lyurethane covered by a 
wool-nylon blended decorative fabric) and a number of candidate FBL config­
urations, by measuring the tirre that it took to raise the temperature of the 
surface of the foam material in each sample to the degradation temperature 
(typically 300° C or 598 o F). The test procedures used are delineated in 
Appendix A-1. Basically, 22.9 x 22.9 an (9 x 9 in) areas of the various 
seat cushion configurations were exposed to heat fluxes of 11.3 W/an2 

(9.95 Btujft2jsec) and 8.5 W/an2 (7.49 Btujft2-sec) in the NASA-Ames 
T<~ brick furnace. The.rrrncouples were placai at various depths in the foam. 
The FBLs tested are listed in order of descending time for the foam to reach 
:300° c. 

LS-200 neoprene - 0. 95 an (3/8 in) thickness 
Vonar-3 - 0.48 em (3/16 in) thickness 
Vonar-2 - 0.32 em (2/16 in) thickness 
N·Jrfab 11HT-26-Al 
Preox 1100-4 
181 E~lass 
no FBL 

Unfortunately, the heat flux in the T-3 burner test is too high to dis­
criminate between small differences in test results. 

2.1. :~ THEHMAL CHAH.l\Gl'ElU/,ATION OF MATEH.IALS: 'lhe physical characteristics 
tmder thennal c:;tress of the candidate cushions were determined using 
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), 
and the NASA-Ames NBS Snoke Density Clamber. The NBS smoke chamber gave the 
rwEt conclusive data. In TGA, the samples are heated at a constant heating 
rate, usually under a nitrogen a trno.sphere, and the ~ight loss recorded as a 
function of temperature. The (X)lymer decanposi tion temperature (PIJf), the 
tanperature where the mass loss rate is the highest, the temperature of 
canplete pyrolysis, and the final char yield in percent, are determined as 
characteristic pararreters. In me, the electrical energy rffJ.uired to 
maintain thermal equilibrium between the sample and an inert reference is 
measured as a function of temperature. By calculating the peak area on the 
chart, and the direction of energy flow, the endo- or exo-thennici ty of 
transitions <'.An be determined. Appendix G-1 contains rrore complete data on 
the thermal characteristics of the materials used in these tests. 

• 
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2. 4. 3 MASS INJECfiON STUDIES IN'ID THE ENVIOONMENT: The primary purpose of 
these experimental determinations was to detennine the extent with which the 
JX>lytirethane foam decanpa:;oo on pyrolysis and gave rise to rm.ss injection 
into the environment of the highly flanma.ble urethane vapors suspected of 
causing flash-over and other fire related phenomena. This investigation was 
done for NASA by San .Jose State University (Appendix G-1) to detennine the 
Y.eight loss factors sustainoo by the urethane foam cushioning rraterial, as 
well as the other seat canponents, both as a function of time, and as a 
function of the thennal flux incident on the front face of seat cushions • 

'll1e NBS S'Tloke chamber was rTDdified to measure v.eight loss as well as snnke 
cien.s i ty, as a function of time, at a speci fie heat flux in the range fran 
1.0 Wjam2 (0.88 Btujft2/sec) to 7.5 W/cm2 (6.61 Btu/ft2/sec). Two 
burning conditions were simulated by the charnber: 

radiant heating in the al::Eence of ignition 
flaming combustion in the presence of supporting radiation. 

Test samples ( 11mini-cushions11
) are approximately 7.62 x 7.62 an (3 x 3 in) 

in si".e and 1.27 an (0.5 in) to 2.54 an (1.0 in) thick, canposoo of urethane 
foam wrapped and protected by a heat blocking layer, and wrapped and secured 
by \\OOlfnylon upholstery. FB.ch canp:>nent of the seat configuration is 
weighoo individually. The samples are suspended fran the tnlance and 
subjected to a known heat flux in the NBS chamber. Mass readings are taken 
every two seconds via an autana.too talance. After the test, the sample 
cushions are openoo carefully, and the remaining urethane foam is v.eighed to 
determine weight loss of the foam itself. 

It was assumed initially tflat fire protection perfonnance for each of the 
com1nnents would yield a final additive effect; this hypothesis was tested 
by use of single component samples thennolyzed under identical procedures to 
that used for the composite mini-cushion. i'b correlation was found. As 
mentioned before, in some cases, use of the highly flanma.ble NF foam (and 
not FR foam) actually improved the overall perfonnance of the sample. These 
results were OO.sed on mass injection measurements. The decorative fabric 
proved to have little influence on the perfonnance of the heat blocking 
layer, although previous testing established that this component contributed 
rmrkooly to the snoke content of the environment. After initial testing, it 
was detenninoo that the amount of gas originating from the urethane foam 
injected into the air would be the best criterion to choose in following the 
thennal degradation of the seating material. However, much of the urethane 
foam was seen to decompose to a liquid rather than direct vapor, seen also 
in the Mclbnnell IX>uglas full scale testing procedure (see Appendix D-1), 
and overall mass loss could not be partitioned betv.een direct vapor 
injection into the envirom1ent, and this liquid phase injection fran the 
polyurethane foam. 
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The specific rm.ss injection rate for Vonar-3 protected seat cushions was 
found to be over half that measured for the bi.seline system of \\Dol/nylon 
decorative cover over FR foam alone. This in itself is a sutstantial 
re:iuction, albeit with a weight penalty. However, Preox 1100-4 and Norfab 
llHT-26-Al gave lower mass injection rates than Vonar, with the added oonus 
of an even lower weight penalty than Vonar. 

The mass injection rate into the environment is predicated on the mass loot 
by the urethane foam itself, an assumption that is empirically reasonable. 
A relative Figure of Merit (FOM) is defined in terms of the mass injected 
into the environment for any thenna.l flux, the seat cushion size (surface 
area exposed) and time of exposure to the fire source. 

[Heat Flux]. [Area Exposed]. [Exposure Time] 
F0.\1 = [q]/[m] = 

(Weight Loss by R>lyurethane Foam] 

S~:unples v.hich exhibited superior perfonnance have been arbitrarily defined 
as those v.hich have an FO\f greater than 5 X 1 o4 watts • sec I gram at 
2.5 w;crn2. Thus, the larger the Farf, the greater the fire blocking 
perfornance exhibited by the sample. Of the configurations exhibiting an 
F(J\1 > 5 X 1(}4 , it is important to note that 8at utilize Preox 1100-4 as 
the heat blocki ~ layer over NF foam. ~reover, samples wi. th ventilation 
holes punched through the heat blocking layer to allow "breathing" (merely 
an increased possibility of dissipative cooling effects) by the foam showed 
the best heat blocking perfonnance. 

2.4.4 CAHIN FUm SIMULATCR TEST RESULTS: The Ibuglas Aircraft Compmy 
perfonned full scale seat l:nnk tests on 13 different seat cushion configur­
ations (Appendix D-1). Fire blocking layers, v.hen present, covered all 
sides of the cushion. The 13 configurations used are listed in Appendix 
D-1. Diroonsions of the top cushions were 43.2 x 60.9 x 5.1 em (17 x 24 x 2 
in) and of the oottan cushions were 45.7 x 50.8 x 5.1 em (18 x 20 x 2 in). 
The tests were performed in a Cabin Fire Simulator (CFS) \\hich is a double­
walled steel cylinder 365 crn (144 in) in diameter and 1219 em (480 in) long. 
A view port allowed photographs ( clooed circuit television) to be taken 
during testing. Ol.ranel-alumel thermocouples were placed inside the seats 
to rroni tor temperatures, and heat flux calorimeters were installed to rroni­
tor the heat flux fran an array of 46 quartz heating ooits, \\hich produced 
10 W/cm2 (8.8 Btu/ft2-sec) at 15.2 em (6 in) fran the surface of the 
panels. The seat cushions were weighed prior to the tests. A propane gas 
lighter was ignited just as the heat flux was switched on. This ensured 
reproducible ignition of the urethane vapor, and produced a severe fire test 
configuration. The raciiant heat panels raminoo on for 5 minutes. After 15 
minutes, the tests were eanplete. 'Il1e residue was renoved fran the seat 
fr·;um <llld \W~ ighed. 

• 
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Characteristically, the polyurethane foam thermally decanposes under the 
extrerre heat into a fluid fonn and sutsEquently to a gas. In the fluid 
form, the urethane drips fran the seat cushion onto the floor, forming a 
puddle or pool. This pool of urethane fluid gives off gases \\hich are igni t­
ed by rurning debris falling fran the seat. 'Ibis results in a very hot .(X>ol 
fire engulfing the seat in a rm.tter of minutes, and must be controlled in 
sane manner if realistic egress times are to be achieved. 

Of the fire blocking layers tested, the ones \\hich showed less than 25% 
~ight loos, and therefore gave the best performance as a fire blocking 
layer are: 

LS-200 neoprene 
polyimide with polyester 
lbrfab 11HT-26-Al (FR foam) 
Preox 1100-4 (FR foam) 
Vonar-3 (NF foam) 

r:Bta iled results may be found in Figure 1. l.S-200 neoprene and JX>lyimide 

Figure 1: WEIGHT I..D.o;;s OF VARIOUS CUSHION OONFIGURATIONS 

CUSHION 
CONFIGURATION 

BASELINE (1) J1oot 

VONAR-3/PR (2) -1 35. 7'1 

VONAR-2/PR (3) 137,4'1. 

VONAR-3/NP (7) 1 24. 9'7. 

3/8 ~-200/PR (4) I 34.3'L 

PREOX/PR (5) 124,6'1. 

PBI/PR (13) 138.87. 

NORPAB-AL/PR (6) I 24.1'1. 

NORPAB-AL/NJP (8) l 28,6'1. 

NORPAB/PR (12) I 60. 97. 

1.8-200 (9) b 7.Z7. 

POLYIMIDE (10) I 28.7'X. 

POLYIMIDE (11) 112.6'1. 
W/ POLYESTER . 

0 10 20 30 40 so 60 70 80 90 100 

PERCENT WEIGHT LOSS APTIR 10 MINUTIS 

are advanced foams which are used as toth the fire blocking layer and the 
central cushion itself. They are superior to the fire blocked systems 
tested in fire protection performance. The rmjor disadvantage of l.S-200 
neoprene is a large ~ight penalty. Equally, JX>lyimide foam provides good 
fire protection, but the foam is extremely hard and uncomfortable, and es­
sentially fails the "comfort index" criterion. This is discussed further 
under "Mechanical Tests". 

FAAWJHTe h · 

I IIIII 11m 1111 11111/llltlflrul ~~ftr 
00093204 
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When the fire blocking layer is able to contain the decomposing urethane 
by-products (as in those FBL cortfigurations using aluminized fabrics that 
are imperrreable to liquid products), the cushions closest to the heat source 
burn with less intensity, generating a minimum of heat. W:>re importantly, 
they are tmable to ignite adjacent cushions. However, when the decomposing 
tlrethane fluid is able to escape fran the fire blocking envelope and form a 
IY)()l on the floor, an uncontrolled fire erupts which results in total burn­
ing of all cushion materials. The aluminized fire blocking layers, both 
N::>rfab llHT-26-Al and Preox 1100-4, provide significant fire blocking both 
via their alwninum reflective coating, and their non-permeability. Seam 
constr-uctions significantly affected results of these tests. Had the seams 
held, not allowing liquid by-products to pour out onto the floor, the 
overall seat degradation process may have been even less severe. Seam 
design is a factor which needs further examination. 

Tests were perfonned with both Norfab llHT-26-Al and Norfab without the 
aluminum tacking, and indicated that alwninized materials provide a great 
deal nnre fire protection, presumably (as stated before) involving roth 
radiant reflective effects and obviation of localized heating effects. 

The Figure of Merit ccmpa.risons derived by nonnalizing the efficiency of the 
blocking layers tested with respect to Vonar-3 over FR urethane are listed 
in Table 3, along with otl;er pertinent data to determine the moot efficient 

Table :3: MASS LOSS DATA AS A CRITERION OF HEAT BUX:Kit'lJ PERFORMANCE 

AT 2.5 W/"cm2 

DE&:RIPrlOO 
OF HFAT 'n!Ia<NESS 
Jll.()(l(]ID IF HilL 

CXXJE I.A YEll (HBL) an 

291 None/ 
l<b>1-Ny1oo/ 0,0 0.0 12xl0-5 2.lxlo4 
NF Urethane 

Vooar 1/ 
\.b>l-Ny1on 0.152 0.055 7.3x.l0-5 

NF Urethane 

15 Vonar 3/ 
\.b>l-Ny1on/ 0, 463 0.111 s.wo-5 

NF Urethane 

369 100 Al(up) 
Ce11Dx/!<b>l- o. 089 0. 039 3. 3x.lo-5 

1on/NF Ure. 

372 101 Al(up) 
Celiox-l<b>1- 0. 071 0. 053 2. 8x.l0-5 8. 9x.lo" 

1on/NF Ure, 

375 N:Jrfab/ 
\.b>l-Ny 1on/ 0. 088 0.040 4.5x.lo-5 

NF Urethane 

17 Vonar 3/ 
\.b>l-Ny1on/ 0.463 
Fa Urethane 

0.111 s.lx.lo-5 

~·::·····~"'-• '··""'"~"'' """"1~~-N'd.Ql FABRIC: 591 grant per eeat 
• • nuu I!I.JX:Kil{; lAYER 

I. ~· · '· ~ ~ ":. · ' ·• I •.i ..,.. lJIElliANE: 449 grama per seat 
I I • t ,.. o I :~1 · ·• • • • - .-. .; · · • F1l IIU:lliANE: 840 grara per seat 

_. .. , ·• , , t I •. , .': . . . . I :~~ 
~-~-,---.,......,.....,....-,,.:.1' .,. 

·=:- ~·. ~ :.~ .. :: :.:. ·.:t:~:' ;::: .•..... :,, ,.4~:: 

ESrlli\TED SE'AT WEIGI!r 

NF FOlD F1l Follll 
(gr11111) (grara) 

45 1040 1542 

51 6 1721 2113 

104 2035 2426 

162 2 1699 2090 

189 1528 1919 

117 3 1539 1930 

100 2035 2426 

*llenaitiea c111 be calc:ulated fraD these 
valuea and the indicated HilL thicl<neu data 

''Density - Surface llenaity/Thicknesa" 

**4 ie a atandard heat flux of 2. 5 watta/oi 

***Scaled relative to t 0 for Vonar III heat 
blocking layer with a value of 100. 

.. 
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fire blocking layers. It is true that Vona.r-3 perfonns better at the higher 
heat flux level of 7.5 W/an2 (6.6 Btu/ft2 -sec), rut at the heat level of 
interest, 5.0 W/crn2 (4.4 Btujft2-sec), it was approximately a:}ual to the 
other heat blocking layers. However, canplete data at 5 W/an2 are not 
available at this time. lbth Preox and Norfab perfonn well as fire blocking 
layers, with no great difference in perfonna.nce retween the two. It can 
also re seen fran Table 3 that Vonar perfonns a:}ually well wi. th both non­
fire retarded and fire retarded flexible JX)lyurethane foams. Plots have 
been made of the Fad versus heat flux for both types of foamc.; with various 
fire blocking layers, and they may refound in Figures 2 and 3. 

Figure 2: 'lllERMAL EFFICIEI'CY o::J.{PARISON OF HEAT BLOCKII'iJ lAYERS FOR 
FR URETHANE AS A nJI'Cl'ION <l'' HEAT l''LUX AT 2 MINtrrES ELAPSED TIME 
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The lSl-E Glass fabric exhibitro the lowest fire protection at 5.0 W/an2 
( 4.1 Btu/ ft2-sec) when the exposure time was averaged over a 5 minutes 
pel'iod, and intuitive rea&>ns would indicate that these inert inorganic 
materials, which are unable to provide ablation protection, probibly will 
not prove to be worth-\\hile FBL rraterials. 

A ctEt/weight penalty study of the different blocking layers shows that the 
re-radiation cooling systems (in general, aluminized fabrics) provide far 
tetter cost-efficiency than the transpirational and dissipative cooling 
systans such as Vonar-3. These results, and the canparability of the fire 
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Figure 3: THERMAL EFFICIEK::Y C<JAPARISON OF HEAT BI..roKUG LAYERS FOR 
NF URIIDIANE AS A FUl'Cl'ION OF HEAT FLUX AT 2 MINIIfES ELAPSED TIME 
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protection performance shown in this study, p:>int in favor of aluminized 
fabrics for possible use as cost efficient heat protection systems for the 
p:_) ly urethane foams. 

For clarity in presentation of thermal performance as a function of v.eight, 
the plot shown in Figure 4 is most useful. It can be seen that the Vonar 
systt~S do not rreet the desired performance criteria. Vonar-3 is too heavy 
and Vonar-1 is not sufficiently protective. Preox 1100-4 easily meets both 
of these criteria. 

Tk..:.sul ts of these studies are sunmarized in terms of a standard tourist-class 
aircraft seat in Table 4. Again, these results show that on a weight OO.sis 
ooth candidate ablative fire blocking layers are about three ti.rres trore cost 
effective than Vonar-3. These figures are conservative. Seats can proOO.bly 
be rm.nufactured and used without the cottonjrruslin seat cover, and other 
weight savings can prohl.bly be realized in practice. 

Finally, it should be stated that, although Preox 1100-4 offers slightly 
superior fire protection perfornnnce when canpu-ed to N::>rfab 11HT~6-Al, it 
is seen that non-fire retarded p:>lyurethane foam wi. th alt.minized Norfab 
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llHT-26-Al as :i. blocking layer canes closest to meeting the target goal of 
this study, nrurely, equivalent fire perforrm.nce to Vonar-3 and the srnalla3t 
increase in seat weight. 

Figm·e 4: RELATIVE fiGURES OF MEHIT r-DH SELECfED HEAT Br..n:;Kil'lJ MATERIAL.') 
USED TO PrlOTECT NF URE'IHANE FC)A!~1 V8HSUS ESTIMATED SEAT W8IGHTS 
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Table 4: RElATIVE I?.ANKINJ OF CANDIDATE FIH.E BLCX::KED SEAT 
OONFIGURA'riONS IN TEft'vfS OF THERMAL PERFD~E 

FIRE BLOCKER FOAM 

NOM& F,R, URET~ANE 
(BASELINE 

PRE OX H ,F, URETHANE 

VONAR-3 F.R. URETHANE 

PRE OX F,R, URETHANE 

NORPAB H, F, URETHANE 

VONAR N,F, URETHANE 

NORPAB F ,R, UREHtANE 

H~ALID 
t .. SPECIFIC MASS INJECTION RATE 
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3. DEVEWPMENT OF WEIGHT AND EO)NQMICS AI.OORITHMS FOR S~ED SEAT CUSHIONS 

Armng the specific tasks outlined in the NASA/FAA agreanent was to provide 
accurate v.eight differentials, rranufacturing and operating cost inforrmtion, 
pertaining to each of the seat configuratio~s for the projected u.s. fleet 
over a 10-year period. This in fonnation was to be provided by a computer 
prq.1;ram developed in a sui table manner for use by the FAA. 

3.1 lJEVEl.DPMENT OF A WEIGIT AUJOH.ITHM: The problem has been addressed for 
NASA by EXDN, Inc. and Infol'I'M.tics, Inc. (Appendices E-1 and F-1). They 
have developed a methodol~y to calculate estimated costs of the manufacture 
and use of advanced aircraft seat cushion configurations. The primary focus 
was to evaluate the cost impact associated with manufacturing and flying 
various seat configurations on the U.S. Fleet. 'lhe data has been organized 
into the following groups or files \\hich allows for great versatility by the 
program user: 

§ cushion dimensions data: allows varying di.rrensions in the 
seat height, width, and depth 

§ cushion materials data: lists all rmterials used in the various 
configurations and a brief description of 
each rraterial, including estirmted costs 

§ cushion configurations: defines seats canprised of six JX)ssible 
layers (upholstery, scrim cover, heat blockif{!; 
layer, airgap layer, reflective layer, and 
foam), taking into account the cost and v.eight 
of each camt:nnent 

§ reference cushion configuration: allows generation of comparative costs, 
as compared to absolute costs, by allowing for 
changes in data on the reference cushion 

§ aircraft fleet projection data: allows changes in the projected U.S. 
fleet size as given by the FAA 

§ 'new' aircraft delivery schedule data: allows for chaf{!;es in the 
estimated on-line aircrafts coming into use 
in the u.s. fleet 

§ fuel cost projections data: allows change in the projected fuel costs. 

A detailal logical flow of the program, taking into account all of the ab:>ve 
pH.rameters, is given in Appendix F-1. An outline of the algorithm for the 
curTent coot rmdel of these seat nndifications is shown in Figure 5. 

Q 
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Figure 5: M:>DEL CONFIGURATION OF THE mMPUfER AUiORITHM 
FOO. DETERMINING ffiST/WEIGIT EFFECriVENESS OF 
SEAT CUSHION BI.J"D(INJ LAYERS 
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The results of applying this program to Vonar-3, N:>rfab llHT-26-Al, and 
Preox 1100-4 FBLs are shown in Figure 6. Average cost to rranufacture and 

Figure 6: ALGORITHM OOST I:<"NALUATION OF CURRENTLY AVAilABLE FOAMS AND FIRE 
B~KINJ LAYERS AT EQUIVALENT FIRE PERFORMAN:E AND CCMFCRT 
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fly per year for a five year period with FBl.s, each with a wear life of five 
yeaPs, are plotted as a function of average seat forum density. The average 
seat foam densities of fire retarded and non-fire retarded flexible 
pJlytlrethane foa..'Tl have been indicated as 27. 2 kg/m3 and 22. 4 kg/m3 ( 1. 7 
and 1. 4 pounds per cubic foot) , respectively. The use of non-fire retarded 
!X)lyarethane foam is considered to be a viable option for this application. 

It is not certain at this point \\hat the lower density limit is for the use 
of non-fire retarde<i polyurethane foam while still maintaining the necessary 
cturabili ty and ccrnfort parrureters. 

It is shown in Figure 6 that Preox 1100-4 and tbrfab llHT-26-Al as candidate 
FILs with non-fire retarded polyurethane foam could ccst as little as $6 mil­
lion dollars, whereas the Vonar-3 rmdification could amount to about five 
times as much, or $28 million dollars. 

3.2 CCMPARATIVE EXXJNO\UCS OF USE FOR SELECrED SEAT CUSHION CDNFIGURATIONS: 
Informatics, Inc., (Appendix E-1) implemented the set of programs OO.Sed on 
the weight methodology developed by ECON, Inc., with an interactive canputer 
process to canpute ccsts to l:llild and fly various aircraft seat configurat­
ions. These programs allow the user to tell the computer to store infonna.t­
ion about costs and characteristics of seat materials, material suppliers, 
fleet composition, aircraft characteristics, fuel prices, and seat designs. 
The user inputs test results, costs to make the seats, seat canposition, and 
seat life in the computer for each design, then directs the canputation of 
seat \\eight and coots. Costs are projected for ten years, tased on annual 
dt::m'lnd/use demographics for seats. The frequency and JOOthod of seat 
replace100nt, route/usage info:rnntion, as well as the canposition of the 
fleet each year, determine the overall seat ctanand. 

The canplete program, along with the user's manual, may be found in Appendix 
E-1. A typical Cost Sumrmry RepJrt given by this program is found in Table 
5 below. 

.. 
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Table 5: PROJEC1.'ED COSTS 'l'HOOUGI 1986 FOR 'ffiE PURQIASE AND FLY!~ OF sam 
SEL~J~ED SEAT CDNl<'IGl.rn.ATIONS USII"J} ONE PARI'IaJLAR MliD-IOO OF SEAT 
H.EPJ .ACF.MENT 

COD£1 881 
UOHAR3 

CODEI 882 
HORF'AB 

CODEa 889 
HORF'AB LIGHT 

CODEa 812 

------------------------~----~-------------
METHOD 
SEATLIF'E 

GRAD 
3 VRS 

GRAD 
3 VRS 

GRAD 
3 VRS 

GRAD 
3 VRS 

-------------------- -------------------------------------------
COST TO F'LV(1986) 

COST TO 8UV<1986) 
MATERIAL 
MAHUF'ACTURIHG 

TOTAL COSTSC1986) 

DELTA COST-F'LV(1986) 

DELTA COST-8UV<1986) 

DELTA COSTSC1986) 

51566. 

6986. 
11799. 

?8351. 

8. 

8. 

8. 

84139. 

7634. 
11799. 

1835?1. 

325?2. 

648. 

33228. 

5?196. 

13312. 
11799. -------
8238?. 

5638. 

6326. -------
11956. 

58889. 

13312. 
11799. 

?5288. 

-14?7. 

632&. 

4849. 

-------------------------------------------t 

* Costs in Table 5 are given in thousands of dollars. 
CDDE# 001 - tmprotected FR urethane (used as our mseline reference cost) 
())DE# 002 - Vonar-3 protected FR urethane 
CDDE# 009 - N:.>rfab protected NF urethane 
moE# 012 - Norfab protected low-density NF urethane foam 

In Appendix E-1 are cost sunrrnries using the three replacermnt methods for 
the 12 configuratlons indicated in Table 2 on }:llge 9. Three methods of seat 
replacerrent are use:i in calculating the replacermnt costs involved: a 
"gradual" (GRAD) replacanent of the seats, depicting the present attrition 
rate of used seats, a "no replacement metlnd" (OORP) \\hich is replacement of 
seats in new aircraft only, as they are introduced in the fleet, and an "im­
mediate.. (IMMD) replacerrent of all seats in the present fleet. Table 5 
gives costs for a gradual (GRAD) method of replacenent of aircraft seats 
over a 3 year period. 

Table 5 pre.c:;ents comparison costs (relative to OO.Seline figures OO.Sed on a 
wool/nylon coverro FR foam seat) of sane selectoo seat configurations, for 
one particular replacamnt roothod. It is pertinent to note the change in 
(delta) casts for each configuration (purchasefrranufacturing costs, and 
flying coots a.sHOciated with heavier or lighter (negative) seat configura-
tions). Note that configuration 12 in the column CODEII 012 is 
1. Olh/ft3NF foam plus an FHL of light-'reight rbrfab is actually lighter 
than unprotected FH. foam, and produces a lesser operating cost ($1.5 million 
less) than our mseline. 
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4. MEGIANICAL WEAR TESTI.t'lJ AND ASSOCIATED CDdFORT FACTORS 

Opt_imum fire blocking layers evaluated in the Cabin Fire Simulator at 
Tbuglas Aircraft Comp1ny \\ere to be further testa:i by a major seat 
manufacturer for selected roochanical properties. The tests include wear 
durability, indentation load deflection, tear resistance, and any others 
selected by the seat manufacturer. 

4.1 IW TEST RESULTS: Preliminary load deflection test results are found 
in Table 6. For a l::aseline canparis:m, Cbnfiguration Number 1 may be used. 
N:)te carefully the 25% load deflection \\eight for }X>lyimide foam. A figure 
of 77.0 pounds to cause a deflection of only 25% points to an extranely 
in flexible and, therefore, uncomfortable seat. 

Table 6: SEAT CUSHION ASSEMBLIES 
lnad ~flection Test Results R3r AS'IM-D-1564-71~thod A 

Config- Load 751 Thickness Load 251 ILD 25 Load at ILD 65 ILD 65 
uration Description Prestress With 1 1 b. Deflection 651 ILD 25 
Number Preload (1 minute) 

N.F. Urethane, 2 in. 2.038 19.0 41.0 

F.R. Urethane, 2 in. 1.965 32.2 63.0 

W/N; 
F.R. Ureth&ne, 3 in. 165 3.174 44 0.88 91 1. 82 2.07 

2 W/N; Vonar-3, 3/16"; 
F.R. Urethane, 3 in. 196 3.553 46 0.92 100 2.00 2.17 

5 W/N; Preox 1100-4; 
F.R. Ureth&ne, 3 in. 182 3.210 55 1.1 97 1.94 1. 76 

8 W/N; Von&r-3, 3/16"; 
N.F. Ureth&ne, 2.7 in. 135 3.248 31 0.62 69 1.38 2.23 

11 Polyimide Foam, 2 in. 1.874 77.0 329.0 
W/N; Preox 1100-4; 

N.F. Ureth&ne, 3 in. 100 3.096 29.5 0.59 57 1.14 1.93 

W/N: Wool/Nylon F&bric 

ILD: Indent&tion Load Deflection 

This factor alone disqualifies the polyimide foam seat, which otherwise is a 
fine candidate, showing pranising fire protection properties as shown in 
Figure 1, as well as being a remarkably lightweight seating material. 
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All other data fran the fire blocking layers tested here show acceptable 
indentation load deflection. An acceptable range is considered a load 25% 
deflection (1 minute) of 29 to 55. 

4. 4 wr-:AH. TESTS: Preliminary wear tests were conducted by Boeing Canrrercial 
Airplane Canpa.ny using the apparatus shown in Figure 7. Results fran these 
tests are shown in Table 7. As can re seen, the l'brfab llHT-26-Al material 
stowed a minbnum of 50 hours of wear stress under these testing conditions. 
Additional tests will be conducted in the near future to canpa.re the 11 
different seat configurations used in this study. Results of the wear 
testing will be given in a later rep:>rt. 

Figure 7: WEAR 'rES'riNG APPARATUS lSED BY THE OOEING <.XMMERCIAL 
AIRPLANE CO.WANY ro TEST WEAR DURABILITY OF SEATI~ 
MATERIAlS 

Actuating mechanism 

Seat weight-
140 lbs 
63.5 Kg 

Pants fabric-
100% polyester/ 
2 bar tricot knit 

• 2 minute cycle 
• .1 minute 40 seconds contact on cushion 
• 20 seconds in up position 

.0. 
: Vertical motion 

:<:> 

Rocking motlon-13.5 cpm 
25° arc 
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Table 7: WEAR DlJRABILI'lY OF VARIOUS SEAT CX>NFIGURATIONS 

MATERIAL DESCRIPTION WEIGHT SEAT lEAR TEST RESULTS 
oz/sq yd kgfm2 

Norfab (aluminum up) 11 0.37 50 hours minimum wear 
Preoz (aluminum up) 18 0.61 25 hours, incipient failure 
Preox (aluminum up) 23 0.78 No test performed 

plus 5 oz PBI 
Firotex (bonded to 6 0.20 50 hours, very poor 

decorative upholstery) 
Firotex (bonded to decorative 11 0.37 No test performed 

upholstery) plus 5 oz PBI 

Dunlop Ferex 191-9 mm 28 0,95 50 hours minimum wear 

LS200 - 3/8 in 38 1.29 50 hours minimum wear 

Vonar-3 (cotton) 24 0.81 50 hours minimum wear 

9 oz PBI 9 0.31 No test performed 
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5. SUMMARY 

Major accomplishments from this program are listed below. 

§ A complete model and computer based algorithm have been developed to de­
termine the cost/weight effectiveness of the foams and fire blocking 
layers tested. ~tailoo rep:>rts are given in Appendices E-1 and F-1. 

§ The NASA T-3 tA.lrner test results described in Appendix A-1 were 
inconclusive in determining the fire protection affordoo by various fire 
blocking layers and foams, and does not appear to offer a viable small­
scale testing procedure for these purposes. 

§ Full scale laboratory testing has been perfonned at lbuglas Aircraft, and 
is shown to be a viable test methodology for comparison of the fire 
perfonna.nce of canplete seat tanks. This testing is described in Ap­
pendix D-1. 

§ A convenient and accurate laboratqry based test method of measuring the 
fire perfonm.nce of seat configurations has been developed. 'Ibis test 
has been graphically described in Appendices C-1 and G-1. 

Fran these studies, the two rrost effective methods of seat cushion fire 
protection have been examined and are described below. 

(1) Those Ml.ich use transpirational cooling, typically composed of 
A1(0H)3 , perfonn best in high heat fluxes. The doped neoprene foams 
work by dehydrating in the case of a fire, cooling by dissipative emis­
sion of water vapor. Their major drawback is the weight needed in such 
ablative materials. Due to this \\eight penalty, they \\Ould be quite 
costly for use by the u.s. fleet. 

(2) Alurrdnized thermally stable fabrics work by re-radiation and/or lateral 
conduction of the heat produced by the fire and provide excellent high 
tenperature insulation. These are the roost desirable types of blocking 
layers to use for these purposes because they show satisfactory fire 
performance and carry very little weight penalty. 



26 

6. CONCLUSIONS 

Re-examining the experimental facts given in Section 2.4, we may 
draw some meaningful conclusions concerning the best choices for 
fire protection of aircraft seats following a postcrash fire. 

In order to increase survivability of passengers, best described 
quantitatively in terms of the available egress time needed to va­
cate the passenger cabin in the event of a fire, the seat surfaces 
must be protected from the intense radiant heat fluxes. It has 
already been shown that no present technology is available to protect 
the polyurethane foam by internal chemical molecular modifications, 
thus, external physical protection is the only viable method. The 
following points need delineation: 

* 

* 

* 

* 

No outstanding improvements are seen in fire blocking layer 
protection capabilities when fire retarded urethane foams are 
used. In fact, FR foam actually is inferior in performance to 
NF foam when used in conjunction with some FBL materials under 
certain test conditions. 

NF foam has distinct beneficial weight saving attributes. 

All requirements are presently met with Norfab llHT-26-Al at 
0.38 kg/m2 (11 oz/yd2). This material provides equivalent, if 
not better, thermal protection performance based on small scale 
tests to Vonar-3, and improves the weight penalty aspects by 
more than 4-fold. In small scale testing of aluminized fabrics, 
no differences were noted in seat cushion fire protection with 
the aluminized coating turned inward towards the foam or outward 
towards the wool/nylon fabric. However, significant differences 
were noted when aluminized FBL materials were used with NF versus 
FR urethane foam. This is shown in Appendix G-1. 

Vent holes may be required on the under side of the seat cushions 
to permit venting of the pyrolysis gases produced from the 
urethane foam, thus reducing the risk of a sudden and immediate 
release of these gases and larger flame propagation. 
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APPENDIX A-1 

NASA Burn Tests of Seat Cushions 

Final Report, Contract NAS2-11064, Scientific Services, Inc. 

~ditor's Note: Sections of this Appendix have been deleted for 
the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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NASA BURN TESTS OF SEAT CUSHIONS 

INTRODUCTION 

This report presents the results of a series of tests on candidate aircraft seat 

blocking layers conducted by Scientific Service, Inc., for the NASA-Ames Research 

Center, under Contract No. NAS2-11064. A total of 109 tests on 19 candidate 

NASA-supplied samples were performed. 

The objective of these tests was to compare the effects of thermal exposure on 

the standard seat cushion (which uses a wool-nylon blend fabric covering and an FR 

urethane filler) and on a number of candidate seat cushion configurations by 

measuring the time that it took to raise the temperature of the surface of the foam 

material in each sample to the value that could cause degradation of the foam 

(typically less than 300° Celsius). 

TEST ARRANGEMENT AND INSTRUMENTATION 

This test series was conducted using the NASA-Ames T-3 furnace (see Fig. 1). 

The furnace, which has been in use for many years at NASA, is a firebrick-lined box 

that uses a forced air JP-4 fueled burner. See sketch in Fig. 2. This furnace is 

coupled to an air scrubber and filter system to prevent the combustion products from 

being released into the atmosphere. A schematic of the filter system is shown in 

Fig. 3. 

Since the T-3 furnace had not been used for several months, a calibration was 

performed to determine the length of burn time required to achieve a steady-state 

condition. Approximately 1 i hours were required to obtain this steady-state 

condition, which was defined as a constant flux reading (using a slug calorimeter) 

maintained over a period of 15 minutes. 
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Pig. 1. 
The NASA-Ames T- 3 Furnace • 

• 

Fig. 2. Detail of T-3 Furnace. 
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During the test program the furnace was allowed to reach this steady-state 

condition at the desired flux prior to insertion of the samples. Two exposures were 
2 2 2 2 . 

used-- 11.3 W/cm (10 Btu/ft s) and 8.47 W/cm (7.5 Btu/ft s) --that are typ1cal 

of what might be expected in an aircraft cabin fire. The materials were placed in a 

steel frame that prevented edge effects from influencing the tests and also 

furnished support for the test objects so that they .could be inserted and removed 

from the furnace safely and easily. (Fig. 4 presents photographs of the frame with 

a sample ready to test and one posttest.) The candidate materials were put into the 

support frame with the wool-nylon blend material* first, and then the other 

materials were layered according to the specific test case. The area. of the samples 

exposed to the fire was 22.8 em x 22.8 em (9 inches x 9 inches), and they were 

burned from the bottom because of the nature of the T-3 furnace. 

The instrumentation included the slug calorimeter, noted above, and from one 

to three thermocouples on the samples. On samples using Fiberfrax, one 

thermocouple was placed on the surface of the Fiberfrax. On samples containing 

foam, three thermocouples were used, one at the surface of the foam, and one each 

at depths of 4. 7 mm ( 3/16 inches) and 7.9 mm ( 5/16 inches) from the surface toward 

the exposure. Fig. 5 shows the thermocouple locations for the various sample 

configurations. 

The procedures for a typical test were as follows: Once the furnace reached a 

steady-state condition with a flux reading within ~ 5 per cent of the required value, 

the frame containing the test sample was moved next to the lid of the furnace. 

This lid was moved quickly to the side and replaced with the sample. The sample 

was left in the furnace until the thermocouple at the foam (or Fiberfrax) interface 

reached 300°C. The sample was then placed on top of the furnace lid because, in 

most cases, there was still smoke and flame coming from the sample and the hood 

above the furnace captured the smoke and put it through the filter system. After 

the sample extinguished itself and cooled, it was removed and photographed. 

* In this case the material used by Pan American Airlines, which is similar to the 
the seat covering of all commercial aircraft. 

" 

• 



33 

.. 

Fig. ,3. Schematic of Filter System . 

• 

Fig. 4. Samples, Pre- and Post-Test. 



34 

-{ll/ ,Jlli§ZJ::?-tf V..WL.., t.MAJ 

4.7m,.,. 
7 ......... 

rzz~~~-
4.7-

7."1""" 

Fig. 5. Placement of Thermocouples. 

TABLE 1: RESULTS OF THE CANDIDATE HEAT-BLOCKING MATERIALS 

Fire block Piller 

I 11~3~/~m2 T..t I Tl-~(sl 
8.5 W/cm2 0 300 oc 

11.3 8.5 

! 
LS200 3/8" Frax 104,105,106 75-85 

Vonar 3 Frax 10,11,12,17 71,72,73 51-71 95-110 

Vonar 3 FR Foam 32,38,39,40 84,85 43-60 57-88 

Vonar 3 NF Foam 47,48,49 94,95 50-63 65-66 

Vonar 2 Frax 22,23,24,25 74,75 52-68 58-84 

Vonar 2 PR Foam 34,35,36 86,87 41-60 45-47 

Vonar 2 NF Foam 50,51,52 98,97 60-76 57-77 

Norfah Frax 65,66,67 76,77 30-36 28-30 

Norfab FR Foam 53,54,55 18,89 18-20 31-33 

Nor!ab NF Foam 62,63,64 98,99 20-25 31-34 

AI Celiox 101 Frax 2,7,8,9 10,81 20-26 22-30 

AI Celiox 101 FR Foam 58,57,58 92,93 23-24 24-25 

AI Celiox 101 NF Foam 102,103 25-27 

E-Giass 181 Prax 29,30,31 78,79 19-23 35-37 

E-Glass 181 PR Foam 41,42,43 90,91 17-24 23-27 

E-Glass 181 NF Foam 100,101 25-30 

None Frax 1,28,27,28 88,89,70 10-17 16-17 

None FR Foam 44,45,46 82,83 10-13 23-24 

None (Note 1) LS-200 107,108,109 48-93 

------------ ------------- -·- -----

Not€" t: Show temperature range 3/ t 6" from surface of roam 

4 
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TEST R.ESULTS 

A summary of the test results is presented in Table 1. The various blocking 

materials investigated are listed in this table in order of descending time to reach 

300°C at the filler interface. Time-temperature plots for each test are presented 

in Appendix A. 

It had originally been planned to make weight measurements of the samples 

and to measure char thickness. Since many of the samples continued to burn after 

removal from the furnace it was decided that such measurements would be of little 

value. 

Photographs were taken of each test and these have been delivered to NASA 

separately. 
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APPENDIX B-1 

"Optimization of Fire Blocking Layers for Aircraft Seating" 

J.A. Parker and D.A. Kourtides 

Presented at the 7th International Conference on Fire Safety, SRI 
International, Menlo Park, California, January 11-15, 1982. 

0 



• 

43 

OPTIMIZATION OF FIRE BLOCKING LAYERS 
FOR AIRCRAFT SEATING 

John A. Parker and Demetrius A. Kourtides 

National Aeronautics and Space Administration, Ames 
Research Center 

Moffett Field, CA 94035 

Presented at the 7th International Conference on Fire Safety 

SRI International 

Menlo Park, California 

January 11-12, 1982 



44 

The use of ablative materials in various forms, such as cellular structures, 
coatings and films to provide thermal protection for heat sensitive substrates 
against the action of large jet fuel fires is well established (1). Low density 
foam polymers with low thermal conductivity, high temperature stability and high 
thermochemical char yields or high transpirational cooling rates, such as those 
foams fabricated from isocyanurates, phenolics, imides and hydrated chloroprenes, 
all have been found to be effective in extending the times required for fuel tank 
cook off and fire penetration to the structures of transport aircraft immersed in 
large fuel fires. Char forming ablative coatings, are widely used in extending 
the time before detonation of military ordinance exposed to similar fire threats. 
The use of functional fabrics as ablatives is new. 

Among existing, commercial polymers, one would be hard pressed to find a 
more thermally sensitive substrate than conventional flexible polyurethane foams, 
and probably from a mechanical point of view no better cushioning material with 
a cost of something like $0,15 per board foot, These polymers because of their 
easily pyrolyzed urethane groups and thermally oxidizable aliphatic linkages exhibit 
polymer decomposition temperatures of the order of 250°C, and encounter a maximum 
pyrolysis rate at 300°C with a total yield of pyrolysis vapor of about 95%, most 
of which is combustible. One should expect these materials to ignite easily with 
low power energy sources of 2.5 watts/cm2 or less and when ignited effect sustained 
flame propagation even after removal of heat source. To be sure all non-fire 
retarded flexible urethane foams that we have examined to date confirm these 
expectations. From thermogravimetric studies (2), it is evident that the addition 
of standard fire retardant additives have little or no effect on the maximum deco~ 
position rate, the temperature at which it occurs or the vapor production yield. 
In fact, one observes the same average mass injection rates of combustible gases 
under a sustained radiant heating rate from flexible polyurethane foams whether _5 
fire retarde~ or not. This gas production rate can amounz to as much as 10-20xl0 
grams per em per second at heating rates of 2.5 watts/em even when covered 
with contemporary upholstery. Kourtides has shown that this flammable gas pro­
duction rate2increases almost linearly with the applied heating rate up to about 
six watts/em , heating rates which are fairly typical of the usual trash or jet 
fuel fire. A value of 4xl0-4g/cm2/sec for hydrocarbon injection at surfaces has 
been found to effect sustained propagation and flame spread. 

2 
A sustained heating rate of approximately 5 watts/em applied to one seat of 

a three seat transport array comprising flexible polyurethane foam, fire retarded or 
not, will produce flame spread and ignition to the adjacent seat in less than one 
minute, resulting in sufficient fire growth to permit flames to impinge on tbe 
aircraft ceiling in less than two minutes. The time required to produce these 
events and the resulting increases in cabin air temperatures should be expected 
to fix the allowable egress times for passengers attempting to escape the aircraft 
in a post crash fuel fire. 

This paper then examines the question of the possibility of increasing the 
available egress time for passengers, from a transport aircraft, in which the 
flexible polyurethane seating is exposed to the action of a large pool fire which 
we must assume can provide at least 5 watts/cm2 radiant heat flux to the seats, 
by providing sufficient ablative protection for polyurethane cushioning. These 
fire blocking layers must suppress the combustible mass injection rates of the 2 
polyurethane below the somewhat critical values of 4x!0-4 gm/cm2/sec at 5 watts/em 
as a performance criteria to prevent flame spread and subsequent flashover. 

• 
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All commercial transport aircraft are, at this moment, fitted with fire 
retarded flexible polyurethane seat cushions, bottoms, backs and head rests with 
an average foam density of 1.7 lbs/cu ft. With average seat construction, there 
are about five pounds o~ foam per seat. For 2000 aircraft with an average of 
200 seats per aircraft

1 
t~is amounts to about two million pounds of flexible 

polyurethane foam in use. . 

.The options that one might consider as seating alternatives to effect 
improvement in the fireworthiness of aircraft interiors through modifications of 
existing cushioning materials are outlined in Figure 1. The same classes of high 
char yield polymers that are known to be outstanding ablative materials such as 
phenolics, imides, polybenzimidazoles, etc., can be made fire resistant enough to 
prevent propagation and flashover as replacements for polyurethane in seats. As 
indicated, when they are designed to be fire resistant enough, they all suffer in 
varying degrees from serious limitations because of cost, processability, comfort 
and durability (brittleness). For example, polyimides in general are about 50 
to 100 times more expensive than basic flexible polyurethanes which might result 
in a replacement cost of 50 to 100 million dollars for the existing U. s. fleet. 

There may be some fire retardant additives for flexible polyurethane foams 
that could improve their thermal stability and suppress the combustible gas 
production rates at sustained high heating rates. We do not know of any. 

The only real option that exists at present with commercially available 
components seems to be the fire blocking approach that is to provide cost and 
weight optimized ablative foams, coatings or fabrics. It is believed that the 
limitations in comfort, decore, durability,~increases:ipship set weigh; penalty 
may be overcome by the approach taken in this study. 

The objectives for this study are re-stated specifically in Figure 2. 
The key property requirements for an acceptable blocking layer for aircraft 
seating fall into two important categories as shown in the figure, namely fire 
performance objectives, and seating performance requirements, In this study, 
only those materials that possessed only the fire blocking efficiency necessary 
to prevent fire propagation from seat to seat under the simulated post crash 
fire conditions conducted by the FAA in full scale tests in a C-133 fuselage 
were evaluated for durability, comfort, wear and manufacturability, Only those 
cushion systems that approached state-of-the-art performance in seating performance 
were evaluated with regard to cost. These screening gates, the controlling 
algorithms and materials data base have been reported separately (3), 

The various ablative or fire blocking mechanisms available from existing 
materials systems that are possible candidates for blocking layer design are 
outlined in Figure 3. Vonars, a family of low density, high char yield foams 
containing a large fraction of water of hydration is perhaps the best candidate 
of this class currently available. It is available in two practical thicknesses 
from 3/16" to 1/16". The high temperature resistant polymers with decomposition 
temperatures in excess of 400°C, and high char yield polymers such as the PBI's, 
Celiox,&Kynolwith char yields in excess of 60% are excellent candidates for re­
radiation protection. Suitable ablative felt fabrics which are also good 
insulators have been prepared from these polymers in fiber form. 
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The action of the ablative matrix to induce vapor phase cracking of the 
combustible gas generated from the slow pyrolyses at low temperature of the 
substrate can be very important especially in applying ablative materials as 
fire blocking layers. All of these materials in sufficient thicknesses in 
combination or individually can provide the required degree of thermal protection 
necessary for fire safe polyurethane cushioning, The question to be answered 
is which combination provides the correct amount of protection to keep the vapor 
production rate of polyurethane foam somewhat less than 10-20x!0-5 grams/cm2/sec 
under an incident heating rate of 2,5 watts/cm2, 

Fabrics, felts and mats with excellent high temperature insulation properties 
can be obtained as indicated from non-ablative, inorganic, dielectrics such as 
silica and Fiberfrax. Highly reflective continuous surfaces, which also function 
to distribute the incident radiant energy and thus reduce the local heat loads, 
such as aluminum foils must also be considered, 

Another ablative mechanism which becomes exceedingly important in controlling 
the effective mass injection rate, is the ability of the ablative matrix to 
initiate vapor phase cracking of the combustible vapor species generated by the 
low temperature pyrolysis of the polyurethane substrate, 

All of the mechanisms listed and any of the material examples indicated can 
alone or in combination provide the required degree of thermal protection necessary 
for securing fire safe polyurethane cushioning capable of defeating the action of 
large aircraft fuel fires when used in sufficient thickness. The first question 
that the research reported here attempts to answer is what mechanism and material 
or combination provide just the amount of protection required at a minimum weight 
of ablative material per unit area, 

Materials which depend on transpiration cooling by mass injection ~,..·1'1 be 
very efficient at high heating rates, Their efficiency increases monotonically with 
the incident heating rate above 7 watts/cm2. As will be shown, transpirational 
systems are less efficient on a weight basis than systems based on the other 
mechanisms discussed, in the fire environment of the post crash aircraft fuel fire. 
To date, material systems that combine one or more combinations of heat 
rejection mechanisms, such as 2, 3, 4 and 5 provide the most efficient ablation 
systems for designing blocking layers for contemporary polyurethane seats. 

A generealized schematic for the kinds of optimum fire blocking layers to 
be discussed in this paper, indicating the main heat blocking mechanisms is 
shown in Figure 4. Earlier studies on the internal isotherm recession rates of 
char forming ablative foams (4) exposed to the typical aircraft fuel fire environ­
ment demonstrated that re-radiation from the non-receeding fire stable char surface 
and the ,low thermal diffusivity of virgin foam dominated the minimization of the 
pyrolysts isotherm rate. Re-radiation can be effected by either reflection with 
an emissive surface of aluminum or a hot char surface. At present, we understand 
that the use of aluminum surfacing on high temperature stable and or char forming 
interlayers is important in redistributing the local incident radiation, and the 
hot char or carbonized interlayers dominates the re-radiation process. Thus, 
aluminized char forming high temperature materials such as Gentex's Celiox or 
Amatex's Norfab , provide the best combination of mechanisms. Efficient fire 
blocking layers are by no means limited to these kinds of materials. 

• 
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In the case of the ablative protection of a flammable substrate. such as 
a flexible polyurethane, wherein a limited amount of controlled pyrolysis is 
allowable, internal char formation by thermal cracking of the urethane pyrolysis 
vapor is extremely beneficial. That part of the evolving combustible gas which 
is fixed as char does of course not participate in the external flame spread and 
the flashover processes. To avoid rupture of the fire blocking layer, it is safe 
to provide some venting as indicated to manage the pressure drop within the 
cushion structure. 

The results obtained with mini test cushions at 4 minutes and 2.5 watts/cm
2 

incident thermal flux are shown in Figure 5, It can be seen that the anerobic 
pyrolysis of the flexible polyurethane foam has produced a stable char residue 
from the virgin foam and also hy thermal cracking on the hot surface of the 
aluminum layer. When the aluminum layer is external to the blocking inner layer, 
it still forms inside the porous blocking layer. 

Based on the results obtained to date, the two commercial products shown 
in Figure 6 provide the required degree of fire protection, to prevent propagation 
due to aircraft seats in a simulated post crash fire at the lowest weight penalty 
and lower blocking layer costs. It is our opinion that these blocking layers can 
be used with any weight effective resilient cushioning foam without regard to 
the foam's inherent flammability, 

It is of interest to examine a means of quantitatively characterizing the 
efficiency of fire blocking layers in laboratory fire durability tests to predict 
their performance in full scale tests. 

In Figure 7, the efficiency of any fire blocking layer has been defined 
as the ratio of the incident radiant heating rate, to the rate of production 
of combustible gas produced per unit area per second, generated by the pyrolysis 
of the substrate polyurethane foam, This efficiency should be able to be measured 
experimentally by any one of three methods indicated in equation two by the 
recession rate of the pyrolysis isotherm into the substrate, by equation three 
by measuring the actual amount of gas generated per unit area per unit time and 
finally with a knowledge of the heat of combustion of the specific gases generated 
from the substrate, from heat release calorimeter measurements. Measurement of 
recession velocities is extremely difficult experimentally. Both methods 3 and 
4 give good reproducible results and efficiencies measured by both methods give 
acceptable agreement. One should note, as pointed outabove, that the mass 
injection rate of the substrate increases monotonically with heating rate, and that 
the efficiency as defined here should decrease with increased heating rate up to 
about 7 watts/cm2, This has been found to be the case as reported by Kourtides (2)_ 
It is clear that heat blocking efficiencies must be compared at identical heating 
rates, 

An empirical relationship between these laboratory measured efficiencies 
and the thermal performance of a particular kind of fire blocking system is shown 
in Figure 8, An allowable egress time in minutes has been plotted as a function 
of the fire blocking efficiency as defined for three different fire conditions used 
in the C-133 full scale test article, a zero wind, 2 mph and 3 mph, The fire 
severity as measured by the average heating rate in the vicinity of seats 
increasing accordingly. Wit2 the Vonar converted seats, the average heating rate 
of seats

2
is about 5 watts/em at zero condition, and could amount up to 10-12 

watts/em in the most severe conditions with 3 mph wind. 
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It is clear from this figure that either Vonar 3 or LS-200 both non-metallized 
components which provide protection by ablative transpirational cooling alone give 
as much as 5 minutes of available egress time. The unprotected flexible polyurethane 
seat gave something less than two minutes whereas the empty aircraft gave survival 
times in terms of temperature only well in excess of ~en minutes. One pressing 
matter these preliminary results put to rest is the question of the role of interior 
materials in the postcrash fire, namely that the interior materials flammability, 
in this case the seat array exposed to the post crash fire, is a major factor in 
post crash fire survivability under the conditions of FAA's average design fire 
(5). These of course are seat only tests. These test results permit one to cali-
brate fire performance in terms of Vonar 3, a performance that is considered to 0 
provide an acceptable benefit in the post crash fire. In these tests, Vonar 3 
with a cotton skrim replacing the usual cotton batting gave an increase of about 
26 oz per sq yd of seat covering material. It is the primary objective of this 
investigation to see if it is possible to achieve equivalent fire blocking layer 
performance from other materials at reduced weight and hence costs. 

In Figure 9, a simple relationship has been developed between the allowable 
egress time and the efficiency and density of a fire blocking layer. Equation 8 
approximates the allowable egress time in terms of the specific fire blocking layer 
efficiency, the aerial density and the applied heating rates. Of course, this 
determines weight of the fire blocking layer per seat by equation 10. It should 
be clear that the higher the efficiency of the fire blocking layer (specific), 
the longer the available egress time. The design equation 8 permits one to 
select a predetermined egress time and tailor the ablative to give a maximum 
efficiency at a minimum aerial density. 

Since this is not a materials development study but rather a short term 
comparison of off the shelf items, we have elected to compare fire blocking 
efficiencies of candidate materials with Vonar 3's performance, as a standard 
of comparison, and then compute the effect of their use on the average seat 
weight. Ideally, the optimum fire blocked seat should give equivalent fire 
blocking performance to Vonar 3 with no increase in contemporary seat weight. 

The specific mass injection rates obtained for both fire retarded and 
non-fire retarded flexible polyurethane foams in the form of mini cushions 
described by Kourtides are shown in Figure 10. These values were obtained at 
2.5 watts/cm2, It can be seen that the mass injection rate for the Vonar 3 
covered foams is about one-half the value for that of the unprotected sample, and 
also these configurations with Vonar gave acceptable performance in the C-133 
test. It can also be seen that both Gentex's Celiox and Norfab gave lower mass 
injection rates than the Vonar at much lower aerial densities. 

This amounts to a weight penalty of something less than half of that for 
the ablative fire-blockers as compared with the Vonar 3 system. Also in Figure 
10, a relative figure of merit for the ablative fire blocking layers has been 
developed by normalizing the efficiency of the fire blocking layers with respect 
to Vonar 3, a relationship which seems to hold up to applied heating rates of as 
much as seven watts/cm2, at which rate Vonar begins to be somewhat more efficient. 
It can also be seen that the low density Celiox (six ounces per sq yd), is the 
most efficient fire blocker stuided so far. 

It can also be deduced from Figure 10 that the fire blockers perform equally 
well with both non-fire retarded and fire-retarded flexible polyurethane foam 
as predicted. 
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The non-fire retarded polyurethane foam with Celiox 100, in this test comes 
very close to meeting the target goals of this study, namely equivalent fire 
performance and the smallest increase in seat weight. It can also be seen it 
is about twice as efficient as it needs to be even at this low aerial density. 

The mass injection rates as a function of fire blocking layer thickness are 
plotted in Figure 11. Again these re1ults have been base-lined with respect to 
Vonar 3's performance at 2.5 watts/cmz, at 5xl0-5 grams per cm2 per sec. It can 
be seen that the efficiency of Vonar decreases monatomically with thickness, 
whereas the ablative fire blocking layers increase with decreasing thickness. 
However, at present durability and wear become limiting factors for currently 
available fabrics at thickness much less than 0.1 em. It is believed that a 
lower limit of about 6 oz per sq yd is the lower thermal limit for that class of 
fabrics, and one should expect a rapid loss in thermal efficiency below this value. 

For convenience of optimization with respect to thermal performance and 
weight, a plot as shown in Figure 12 is useful. Here we have plotted the 
relative figure of merit as defined with respect to Vonar 3 as a function of 
~verage seat weight. It can be seen that the Vonar systems do not meet the 
desired performance criteria. Vonar 3 is too heavy and Vonar 1 is not sufficiently 
protective. Both the Norfab and Celiox's easily meet both of these criteria. 
The Celiox based system can be seen to give a somewhat better fire performance 
margin than the Norfab. 

These results are summarized in terms of a standard tourist class air~raft 
seat in Figure 13. Again these results show that on a weight basis both of the 
candidate ablative fire blocking layers are about three times more cost effective 
than the Vonar's on a cost to fly basis. The figures are conservative because 
the seats can probably be manufactured and used without the cotton muslin seat 
cover. 

The outline of the algorithm for the current cost model of these seat 
modifications is shown in Figure 14. In this paper only the element which 
addresses the calculation of relative increase in costs to manufacture and fly 
these new heat blocked seats for an average U.S. fleet of 2000 aircraft with 
an average of 200 seats per aircraft will be discussed. 

This program searches the data base for candidate heat blocking layers, with 
the minimum, thermal protection values, and the wear and comfort limits shown in 
Figure 15. The algorithm then requires the inputs as outlined and outputs the 
cost difference to fabricate and fly a fire blocked seat per one year compared to 
the standard seat. 

The results of applying this program to Vonar 3 a~d the ablative fire blocking 
layers now considered optimum are shown in Figure 16, Cost to manufacture and 
fly per year for a five year period with fire blocking layers, each with a wear 
life of five years are plotted as a function of average seat foam density and 
the aerial density of acceptable fire blocking layers. The average seat foam 
densities of fire retarded and non fire retarded flexible polyurethane foam 
have been indicated as 1.7 and 1.4 pounds per cubic foot. The use of non-fire 
retarded flexible polyurethane foam is considered to be a viable option for this 
application. 
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In Figure 16, it can be seen that currently available ablative fire blockin~ 
layers with non-fire retarded polyurethane foam amount to about 6x106 dollars 
per year whereas ~he Vonar 3 modification could amount to about five times as 
much, about 28xl0 million dollars. 

Further optimization is also indicated in Figure 16, if a 6-7 oz per sq 
Celliox based fabric could be developed with a five year wear. This could amount 
to as little as l.5x106 million dollar per year for five years. 

Concluding Remarks 

All known flexible polyurethane foams suitable as aircraft seating are 
about equally flammable and provide approximately the same thermal risk to 
survivability under the conditions of the design fire established for the 
post crash simulation scenario in the C-133 full scale tests. 

All presently known and acceptable flexible cushioninp, foams require about 
the same degree of fire blocking protection to suppress this threat. 

Adequate fire blocking protection can be achieved through replacement of 
cotton batting slip covers with a wide variety of fire blocking layers. 

Of all of the known fire blocking layers investigated, the Vonar series is 
the least efficient on a cost/weight basis for fire protection of domestic 
transport aircraft. 

Among the known fire blocking layers the metallized high temperature resistant 
char forming ablatives appear to be optimum. At the present this practical opti­
mization is limited to aerial densities in the range of 10-12 oz per sq yd. 
Further developmental work could drive these down to 4 to 6 oz per sq yd which 
might provide an equivalent cost to build and fly to current seats. 

On the basis of both radiant panel testing, heat release calorimetric tests 
and limited C-133 tests, (correlation among these laboratory test methods and 
with limited full scale tests in the FAA's C-133 are good to excellent), show 
that both Norfab and Gentex Celiox are far superior to Vonars and provide a 
cost effective degree of fire protection for polyurethane products heretofore 
not available. 

" 
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CURRENT MATERIALS OPTIONS FOR IMPROVEMENT OF THE FIREWORTHINESS OF 
D!»''ESTIC TRANSPORT AIRCRAFT INTERIORS IN POSTCRASH FUEL FIRES 

1. FIRE RESISTANT NON-METALLIC (POLYMERIC) MATERIAL 

COMPONENTS LIMITATIONS: HIGH COSTS, DIFFICULT 

PROCE~SAbiLITY, BRITTLE, 

I lOll II I< A II oN:, t>l !>I A II Ul 1111. -AH I UJM~U!.I lULl I' LA:; Ill.·, 

AND lU.STOMERS WITH FIRE RETARDANT ADDITIVES, 

LIMITATIONS: NOT EFFECTIVE UNDER CONDITIONS OF POST 
CRASft FIRE, 

3, CCVEHINu FIRE SENSITIVE SUBSTRATE (PANELS, SEATS, ETC,) 

WITH ABLATIVE COATINGS OR FIRE BLOCKING LAYERS 

LIMiTATIONS: DECORE, DURABILITY (WEAR), & INCREISE IN S!11PStl, 

WEIGHT PENALTY 

FIGURE 1 

SHORT TERM 
OPTIMIZATION OF POST CRASH FIRE PERFORMANCE AND 

COSTS OF TRANSPORT A I RCRAFT SEA TIIIG 

- PROJECT OBJECTIVES -

l, PROVIDE EFFICIENT HEATING BLOCKING MATERIAL COMPONENTS FOR CONTEMPORARY 
AIRCRAFT CUSHIONING: 

(Al To REDUCE THE RATE OF FIRE SPREAD THROUGH CONTEMPORARY 
CABIN INTERIORS INITIATED BY A FULLY DEVELOPED POST CRASH 
FUEL FIRE 

(B) To INCREASE THE EGRESS TIME LIMITED BY CONTEMPORARY INTERIORS 
IN SUCH FIRES 

2, PROVIDE A MINIMUM INCREASE IN SHIP SET WEIGHT FOR CONTEMPORARY 
TRA~SPORT AIRCRAFT 

(A) To MAINTAIN EQUIVALENT CUSHIONING EFFICIENCY 

(B) To UTILIZE COMMERCIALLY AVAILABLE HEAT BLOCKING MATERIAL 
AND REASONABLE CONSTRUCTION METHODS AND MANUFACTURING COSTS, 

fiGURE 2 
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FIRE BLOCKING MECHANISIIS 

AVAILABLE FOR PRODUCT DESIGN 

1. TRANSPIRATION COOLING (VONARS) 

2. RERADIATION 

3, INSULATION 

4. 

r 
:J, 

REFLECTION 

VAPOR PHASE­
CRACKING TO CHAR 

HIGH TEMPERATURE STABLE CELIOX { r{PBis 1 
low CONDUCTIVITY KYNOL 

[

Low DENSITY HILICA, PANox J 
CLOSED CELL fiBERFAX, NOHEX 
THERMALLY STABLE PHENOLIC-MICROBALLOONS 

{HIGHLY REFLECTIVE)l____ 
t SURFACES ~ALUMINUM 

fDENSE S{ALUHINUM J 
NoN-PoRous CELIOX 
CATALYTIC SURFACES PBI 

CARBON LOADED) 
PoLYMERs 

2, 3, 4 AND 5 -MOST EFFICIENT COMBINATIONS FOR FIRE BLOCKING 

fiGURE 3 

&DDAlJZ£1 OPTIIUI FilE IUICICIII& LAYEI 

11£Fl.Eal\t UIIUV'---~------­
SUIIFAa OR 

WIIATI~ -Aa VE SlllfAa SlfiiOIT 
Ll* CIDJC ITIV ITY, ' 
HIGH TEifERATURE RESISTMT, 
CATALYTit SUifAC£ 

A 11ML AILAT UJI llfCHMISII 

) UT HOLES FOR 
PIESSUIE DIIIP <110 
CCifiiiSTIIL£ GASES) 

.. 

" 
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TYPICAL EXAMPLES 
OF 

OPTII1111 FIRE BLOCKit«; LAYER 

GENTEX CoMMERCIALLY AVAILABLE EXAMPLES 
ALUMINUM (ELIOX -- 11-16 ozJyp2 -- CosT $15-18/SQ YD 

NoRFAB (ALUMINUM-SILICA +l 11-12 oz/YD2 -- CosT $20 +/sQ vo 

11ANY OTHER ANALOGS SYSTEMS POSSIBLE 
AT SIHI LAR COST, NEIGHT & PERFORMANCE 

ALUHINUM-PANOX 

ALUHINUM-KYNOL ) ANY HIGH ABLATIVE EFFICIENCY SUPPORT FOR 
ALUMINUH-PBI ) GOOD ALUMINUM NEAR SURFACE 
ALUMINUH-(ARBON fiLLED PoLYURETHANE) 

((AN BE USED NITH ANY NEIGHT EFFECTIVE RESILIENT NITHOUT REGARD TO FLEXIBLE 

FOAH FLAMMABILITY) 

fiGURE 6 

GOVERNMENT EQUATIONS 
TO EVALUATE THERMAL PERFORMANCE 

1, ~ = INPUT ENERGY <BASIC EFFICIENCY EQUATION) 
MASS MATERIAL REACTED 

2, EFFICIENCY FROM T-3 TEST (fOAM RECESSION VELOCITY) 

'tRAD = INPUT HEATING RATE 

X = RECESSION VELOCITY 

e = FoAM DENS lTV 

3, EFFICIENCY FROM RADIATION-KASS-LOSS TEST 

~RAD 
Ez = -:­

M M = MASS INJECTION RATE 

4, EFFICIENCY FROM HEAT RELEASE CALORIMETER TEST 

E3 =q,RAoh Jv = SPECIFIC HEAT COMBUSTION 

JH 
;f-[ 

ALL TESTS COMPARABLE BY E1-E2-E3 

FI13URE 7 
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I. • URfiHANl 

;: • EI'I'TY AIRCRAfT 
0 • COIITE!':I'OJW:Y ~.ATIIIALI Ill C·l33 
0 • (·133 • EKPTY 

(YOHAR • l)l!" 
X •tl·S·200 ~· 
~- 'Ol.YIKIDl IU1 

A c 
fllll IUIUJ•a lfFJCJlntY Of SlAT SYI11M. ~ 
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GOVERNING EQUATIONS FOR •:HPIRICAL CORJI.ELATION WITH C-133 TEST 

(l) 

,,, 
(J) 

(4) 

te 

* te 

qr 

Available egress time desired 
with blocking layer 

Available egreaa time with non-blockin& layer 

Average input heating rate to seat 

Density of heat blocking layer 

()) Thickness of h~at blocking layer 

(7) 

(8) 

PA • 

Front fador for teat configuration 

~k~~d • to 

(te-tej{) q rad "' Weight blocking/unit area 
-m<" 

Figure 9 

tUH. 

1 • 
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RELATIVE RAMKIHG Of CANDIDATE FIRE BLOCKED 
SEAT toNFIGURATIO.~S I~ TERriS Of TIIER!'AL 

OfR~ORMNtE 

FIRE BLOCKER 

NONE 

CELl OX 

VON-'A 3 

CELl OX 

NORFAB 

VONAR 

HORFAB 

FO.lll 

fa:se~:~~""e 
N.F. URET~.\Ui 

f. A, URETHMt~ 

F,A, UAETHA~;£ 

t~, F. URETHANE 

N,f, UAETHAttE 

F .R. UP.ETHAtiE 

SEAT WT 
KG 

1.)4 

1. )2 

2.H 

1.91 

l.H 

2.11 

1.93 

SPECIFIC ~;~ fbj:CTION RATE ¥ 
INPUT HEAT fLUX: 2. 5,w/ctt2 

EXPOSURE TIKE: 2 HIH, 

0 

·I 

+61 

+24 

0 

+41 

+21 

,. 
0.48 

1.1 

I 9 

1.6 

8,4 

8,9 

11.0 

FIRE 
!LOCKER......_, 

C.1TTOI~ HUSlllj ........_ 

• 

" 



• 

57 

Figw:c 14 

CAlJ:t.IA'n: IELTA RAW 
HATERIAI.S AI() MR;. 
oosrs RJI ErmRE F';H:l' 
(1£11 CXJtlFIGlJ!ATI(Ii vs . 
llo\SELI.NE) 

CAI..CUl..A1E IMPACT OF 
·w>:rG!rr cr• FUI. msrs 
FOI< >NriRE flEET 

• AIN.W. 

. '['(1[AL 

OPTIMJZAT lOti f~ETHODOLOGY FOR 
FIRE BLOCKING SEAT CONSTRUCTION 

1. SEARCH DATA BASE FOR FIRE BLOCKIN5 EFFICIENCIES 

£? ll,O WATT-SEC/GRAM 

2. SEARCH DATA BASE FOR ALL OF (1) WITH WEAR EQUAL TO GREATER THAN 5 YEARS 

L 2':: 5 YEARS 

3, SEARCH DATA BASE ALL FOAi~S WITH IDENTATION LOAD DEFLECTION AT 
25% 55:!:10 PSI 

INPUTS TO CALCULATE OPERATIONAL FLEET COSTS 

l, SEAT GEOMETRIES 5, MATERIALS COSTS 
2. FOAM DENSlTIES 6, . SEAT MANUFACTURING COSTS 
3, AREA DENSlTIES 7, AVERAGE ANNUAL SEAT DE.'1AND 
ll, FLYING WEIGfiT FUEL COS1S 

OUTPUTS 

1. VARIATION IN COST DIFFERENCE TO FABRICATE AND FLY FIRE-BLOCKED SEAT 
COMPARED TO STANDARD SEAT FOR ONE YEAR 

FIGURE 15 
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ALGORITHM C05T EVALUATION OF CURRENTLY 
AVAILABLE FOAMS AND FIRE BLOCK!tiG LAYERS 

AT EQUIVALENT FIRE PERFORMANCE AtHl COMFOR~ 

fiRE BLOCKING LAVE~ 
OZ PER SQ YD 
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APPENDIX C-1 

"Test Methodology for Evaluation of Fireworthy Aircraft Seat Cushions" 

D.A. Kourtides and J.A. Parker 

Presented at the 7th International Conference on Fire Safety, 
SRI Interna tiona!, Menlo Park, California, January 11-15, 1982, and 
the 41st Annual Conference of Allied Weight Engineers, May 19, 1982. 
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TEST METHODOLOGY FOR EVALUATION OF FIREWORTHY AIRCRAFT SEAT CUSHIONS 

D. A. Kourtides and J. A. Parker 

National Aeronautics and Space Administration 

Moffett Field, California 94035 

Presented at the 7th International Conference on Fire Safety 

SRI International 

Menlo Park, California 

January 11-15, 1982 
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Abstract 

Aircraft seat materials were evaluated in terms of their 
thermal performance. The materials were evaluated using (a) 
thermogravimetric analysis, (b) differential scanning calorimetry, 
(c) a modified NBS smoke chamber to determine the rate of mass 
loss and (d) the NASA T-3 apparatus to determine the thermal 
efficiency. In this paper, the modified NBS smoke chamber will 
be described in detail since it provided the most conclusive 
results. The NBS smoke chamber was modified to measure the weight 
loss of materials when exposed to a radiant heat source over the 
range of 2.5 to 7.5 W/cm2

• This chamber has been utilized to 
evaluate the thermal performance of various heat blocking layers 
utilized to protect the polyurethane cushioning foam used in 
aircraft seats. Various kinds of heat blocking layers were 
evaluated by monitoring the weight loss of miniature seat cushions 
when exposed to the radiant heat. The effectiveness of aluminized 
heat blocking systems was demonstrated when compared to conventional 
heat blocking layers such as neoprene. All he~t blocking systems 
showed good fire protection capabilities when compared to the 
state-of-the-art, i.e., wool-nylon over polyurethane foam. 

Introduction 

One of the major fire threat potentials in commercial passenger 
aircraft is the nonmetallic components in the passenger seats. The 
major components of aircraft passenger seats are the polymeric 
cushioning material and, to a lesser degree, the textile fabric cover­
ing; together they represent a large quantity of potentially com­
bustible material. Each aircraft coach type passenger seat consists 
of about 2.37 kg of non-metallic material, the major component being 
the seat cushion. Since modern day wide-body passenger aircraft have 
from 275 to 500 passenger seats, the total amount of combustible 
polymeric material provides a severe threat to the environment in the 
cabin in case of either on-board interior fire or post-crash type 
fire which in addition involves jet fuel. 

A major complication in research to develop fire resistant 
aircraft passenger seats, is to assure the laboratory method chosen 
simulates real life conditions in case of a fire scenario onboard 
an aircraft or a post-crash fire. In this study, a non-flaming 
heat radiation condition was simulated. 7.6 em x 7.6 em samples 
made to resemble full-size seat cushions were tested for weight loss 
when exposed to different heat fluxes from an electrical heater. The 
measurements were conducted in a modified NBS smoke density chamber. 

It has been shown (1,2,3,4) that the extremely rapid burning 
of aircraft seats is due to the polyurethane cushions of the seats. 
In order to protect the urethane foam from rapid degradation when 
exposed to heat, three different heat blocking layers were tested. 
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Two were aluminized fabrics and one was neoprene type of material 
in two thicknesses. In all cases, urethane foam was enveloped in 
a wool-nylon fabric. 

Fabrics and foams put under a thermal load show a very complex 
behavior. Figure 1 illustrates the thermal behavior of a seat cushion 
with a heat blocking layer. When a heat blocking layer is introduced 
between the fabric and the foam, the complexity is expected to 
increase, especially if the heat blocking layer is an aluminized one 
as in some cases in this study. The protective mechanism for the 
urethane foam involves both conduction of the heat along the aluminum 
surface and heat re-radiation. 

Description of Equipment 

The test equipment for recording and processing of weight-loss 
data is shown in Figure 2. It consists of an NBS smoke chamber 
modified by the installation of an internal balance (ARBOR model #1206) 
connected to a HP 5150A thermal printer, providing simultaneous print­
outs of weight remaining and time elapsed. Data recorded on the 
printer was manually fed into a HP 9835 computer, processed and 
eventually plotted on a HP 9872 plotter (i.e., weight remaining versus 
time elapsed). Also used was a HP 3455A millivoltmeter for the calibra­
tion of the chamber. 

The NBS smoke chamber was modified two fold: (a) to permit a heat 
flux of 2.5-7.5 W/cm2 and (b) to monitor weight loss of a sample on a 
continuous basis. 

The NBS test procedure (5) employs a nichrome wire heater to 
provide a nominal exposure on the spectrum surface of 2.5 W/cm2

, 

which corresponds to the radiation from a black-body at approximately 
540°C. To simulate thermal radiation exposure from higher temperature 
sources, a heater capable of yielding a high radiant flux on the face 
of the sample was utilized. This heater is available from Deltech Inc. 
This heater is capable of providing a heat flux of 2.5-10 W/cm2

• 

Two burning conditions are simulated by the chamber: radiant 
heating in the absence of ignition, and flaming combustion in the 
presence of supporting radiation. During test runs, toxic effluents 
may be produced; therefore an external exhaust system was connected 
to the chamber. In order to provide protection against sudden 
pressure increases, the chamber is equipped with a safety blowout 
panel. Also, for added safety, a closed air breathing system was 
installed for use while operating and cleaning the chamber. 

In this study, only the radiant heating condition was being 
simulated, using this electrical heater as the radiant heat source. 
The heater was calibrated at least once a week using a water-cooled 
calorimeter connected to a millivoltmeter. Using the calibration 
curve provided by the manufacturer, the voltages which provided the 
desired heat fluxes (2.5, 5.0 and 7.5 W/cm2

), were determined. 
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When the chamber was heated up to the desired temperature (and 
heat flux), an asbestos shield was slid in front of the heater. 
This prevented the adjacent chamber wall from over-heating and thus 
affecting the data. As mentioned earlier, this NBS smoke chamber 
was modified for recording of weight loss data by the installation 
of an electronic balance. The balance was mounted on top of the 
chamber with its weighing "hook" entering the chamber through a small 
opening. The chamber was then re-sealed by enclosing the balance in 
a metal container which was tightly fitted to the chamber roof. This 
balance was well suited to perform this particular task, because of 
several of its features. It provides a digital output to allow weigh­
ing results to be transferred to external electronic equipment (in this 
case, the thermal printer), below the balance weighing, which was essen­
tial, since the severe conditions inside the chamber during test runs 
were likely to corrode or otherwise destroy any weighing apparatus 
mounted inside the chamber. Also, the fact that it ascertains weight 
by measuring the electrical energy required to maintain equilibrium 
with the weight of the mass being measured, instead of by measuring 
mechanical displacement, makes it well suited to measure a continuous 
weight loss. 

A desktop computer was used for data acquisition and storage. 
It provided an enhanced version of BASIC which includes an extensive 
array of error messages to simplify programming. The computer was 
equipped with an 80 by 24-character CRT (Cathode Ray Tube) display and 
a 16-character thermal printer for hard-copy printouts. One program 
written and used during the weight loss testing was PLOT wt. The pro­
gram collected data from any test run stored on a data-file (the computer 
has a tape cartridge which reads the files from cassette tapes), calcula­
ted the weight remaining in %, and plotted the results versus time on a 
plotter hooked up to the computer. 

Description of Materials 

The materials u~ed in this study are shown in Tables 1 and 2. 
Three types of foams were used and four types of heat blocking layers. 
The densities of the foams and the fire blocker layers are also shown 
in Tables 1 and 2, with an estimate of the seat weight when constructed 
from these materials. Two flexible polyurethane foams were used, a 
fire-retarded and a non-fire-retarded. The composition of the non-fire 
retarded was as follows: 

--
Component Parts By Weight 

Polyoxypropylene glycol (3000 m.w.) 100.0 

Tolylene diisocyanate (80:20 isomers) 105 

Water 2.9 

Silicone surfactant 1.0 

Triethylenediamine 0.25 

Stannuous octoate 0.35 
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The composition of the fire retarded was not known but it may have 
contained an organo-halide compound as a fire-retardant. The 
composition of the polyimide foam used has been described previously 
(6). 

The fire blocking materials used are shown in Table 3. 
R 

The Norfab 11 HT-26-A is a woven mixture of poly(p-phenylene 
terephthalamide), an aromatic polyamide and a modified phenolic 
fabric. The fabric was aluminized on on side. The PreoxR 1100-4 
was based on heat stabilized polyacrylonitrile which was woven and 
aluminized on one side. 

The mechanisms of fire protection of these materials depends 
on heat re-radiation and thermal conduction along the aluminum 
layer. The VonarR 2, and 3 layers used, are primarily transpirational­
cooling heat blocking layers. This compound is a neoprene foam with 
added Al (OH3) as a fire-retardant, attached to a cotton backing. 
The mechanism by which the foam works is based on the heat vaporiza­
tion of the foam absorbed, thereby cooling its surroundings. 

Thermal Characterization 

In order to thermally characterize the materials tested, Thermo­
gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) 
were performed. 

In TGA, the samples are heated at a constant heating rate in 
either oxygen or nitrogen atmosphere and the weight loss recorded. 
The polymer decomposition temperature (PDT), the temperature where 
the mass loss rate is the highest (max d (wt)) th t t f dt , e empera ure o 
complete pyrolysis and the char yield in % are then determined as 
shown in Figure 4. The results are shown in Table 4. 

In DSC, the electrical energy required to maintain thermal 
equilibrium between the sample and an inert reference, is measured. 
By calculating the peak area on the chart, the endo- or exothermity 
of transitions can be determined. This was done automatically on 
the analyzer used which was equipped with a micro-processor and a 
floppy-disc memory. One analysis is shown in Figure 5 and the results 
in Table 5. 

Both TGA's and DSC'- were performed on DuPont thermal analyzers. 

Radiant Panel Test Results 

All of the configurations shown in Table 1 were tested in the 
modified NBS smoke chamber to determine the rate of mass loss. Prior 
to performing the weight loss experiments (radiant panel tests) on 
the complete sandwich cushions, weight loss experiments on individual 
components such as fabric, heat blocking layer and foam, were made. 
No detailed results of these tests will be reported in this paper, 
but a few observations might be worthwhile to report. 
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When, assuming that fire performance of the components were 
additive phenomena, the total weight loss of the components were 
added together and compared with a sandwich tested under the same 
conditions, no correlation was found. In some cases, testing 
with the highly flammable foam actually improved the performance 
of the sample compared to testing the heat blocking layer alone, 
The decorative fabric proved to have little influence on the per­
formance of the heat blocking layer, Heat readily went through 
and the fabric burned off rapidly. 

After performing these initial experiments, it was clear 
that the weight loss profile of the samples could not alone 
provide a good criteria to determine the efficiency of the heat 
block. The criteria chosen was the amount of gas originating from 
the urethane foam injected into the air. The possible steps for 
the thermal degradation of the flexible urethane foam are shown in 
Figure 6, 

After extensive initial testing, it was determined to test 
the sandwich configurations shown in Tables 1 and 2, Configuration 
#367 represents the state-of-the-art, i.e., the seat configuration 
presently used in the commercial fleet. 

All samples shown in Tables 1 and 2, were sandwich structures 
made up as miniature seat cushions. The sandwiches consisted of a 
cushioning foam inside a wrapping of a heat blocking layer and a 
wool-nylon fabric as shown in Figure 3. To simplify the assembly, 
the heat blocking layer and the fabric were fixed together with a 
stapler followed by wrapping them around the foam and then fixed 
in place by sewing the edges together with thread, 

Prior to assembly, the individual components were weighed on 
an external balance and the results, together with other relevant 
data were recorded. The samples were mounted in the chamber as shown 
in Figure 3. In order to prevent the heat from the heater from 
reaching the sample before the start of the test, a special asbestos 
shield was made. The shield slides on a steel bar and can be moved 
with a handle from the outside, which also enables the operator to 
terminate the test without opening the chamber door and exposing 
himself to the toxic effluents. 

The test was initiated by pushing the asbestos shield into its 
far position, thus exposing the sample to the heat flux from the 
heater and by starting the thermal printer. The test then ran for 
the decided length of time (1, 2, 3, 4 or 5 minutes) and was termi­
nated by pulling the asbestos shield in front of the sample. When 
a stable reading on the printer was obtained (indicating that no 
more gases originating from the foam were injected into the chamber 
from the sample), the printer was shut off. After the chamber was 
completely purged from smoke the sample was taken out and allowed 
to cool down to room temperature. 
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The burned area on the side of the sample facing the heater 
was subsequently measured in order to standardize the test. This 
area was normally around 5 em x 5 em and since the sample size was 
7.5 em x 7.5 em, this was thought to minimize edge effects (that is, 
changes in the heat spread pattern through the sample caused by the 
heat blocking layer folded around the sides of the foam cushion). 

Finally, the sample was cut open and the remainder of the foam 
scraped free from the heat blocking layer and weighed on the 
external balance. This was done to determine the amount of foam 
that had been vaporized and injected into the surroundings. 

Results and Discussion 

The samples shown in Tables 1 and 2 were exposed to heat flux 
levels of 2.5, 5.0 and 7.5 W/cm2

• After the weight loss of the 
urethane foam was determined, as described previously, the specific 
mass injection rate was calculated as follows: 

• (weight loss) E--~--:1 
m =(area-of-sampie-exposed-to-heat)-i-1time-eiapsed) cm2 , ~ 

The area exposed to heat was brought into the equation in an 
effort to standardize the test runs in terms of how much radiant 
energy that had actually been absorbed by the sample. 

Then the figure of merit was calculated as follows: 

£ = 7--------~~~~!_!!~~2-r------- [~~~ \specific mass inject on rate g] 

The objective was to determine a heat blocking system showing 
equal or better performance than the VonarR 3 system. Therefore, 
the -value at every test condition for VonarR 3 was assigned to 
£ • Then the relative figure of merit was calculated as follows: 

0 

E 
E = rel E 

0 

The mass loss data for the fire retarded and non-fire retarded 
urethane is shown in Tables 6 and 7, respectively. 

The rationale for ranking materials at the 2 minute exposure 
time is related to full scale tests conducted previously (1, 2, 3, 
4) and is a critical time at which evacuation must occur in an 
aircraft in case of a post crash fire. 

In case of a post crash fire outside the passenger compartment 
(e.g., a fire in the fuel system), the seat system inside the cabin 
will be exposed to severe heat radiation. The foam cushions will 
start to inject toxic gases into the cabin as simulated in this 
study. 2 minutes is thought to be an accurate time limit for the 
survivability of the passengers exposed to these conditions. Data at 
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2 minutes are also displayed graphically in Figures 7 and 8. 
Figures 9 and 10 show the figure of merit as a function of heat 
flux at 2 minutes exposure. It can be seen in Figure 9 that the 
figure of merit at a heat flux of 2.5 W/cm2 for the aluminized 
fabrics (PreoxR 1100-4 and NorfabR llHT-26-Al) is higher than 
either the VonarR 2 and 3, at 5.0 W/cm\ they are approximately 
equal, and at 7.5 W/cm2 that both VonarK 2 and 3 show a higher 
figure of merit than the aluminized fabric. 

The method of protection for the urethane foam changes as the 
heat flux increases whereby the transpirational cooling effect of 
the VonarR is more effective at the higher heat flux range. The 
mode of urethane protection using the aluminzed fabric is primarily 
due to re-radiation and thermal conduction. At 5 W/cm2

, all heat 
blocking materials were approximately equally effective, but, it 
should be remembered that the weight penalty of the VonarR materials 
is excessive as shown in Table 1. The aluminized fabrics were 
equally effective in protecting both the fire retarded and non-fire 
retarded urethane foams. as shown in Figures 9 and 10. 

To obtain a general view of the heat blocking performance of 
different heat blocking layers, the average mass injection rates of 
experiments with 1, 2, 3, 4 and 5 minutes elapsed time was calculated 
and is shown in Tables 8 and 9. Figures 11 and 12 show the figure 
of merit as a function of heat flux at average exposure time. Essen­
tially the sar~ results are observed as the measurements indicated 
at 2 minutes. 

The usage of a heat blocking layer in aircraft seats, significantly 
improves the performance of the seat when exposed to heat radiation. 
This is true at all heat flux ranges tested. Samples representing the 
state-of-the-art (#367) were completely burned after only a short 
exposure time and it was not possible to test these samples at 7.5 W/cm2

• 

vfuen it comes to ranking between the different heat blocking layers, 
the results are more ambiguous. It is true that VonarR R performed 
better at the higher heat flux level (7.5 W/cm2

) but at the heat level 
of most interest (5.0 W/cm2

), it was approximately equal to the other 
heat blocking layers. The heat flux of 5.0 W/cm2 is considered an 
average heat flux level in the interior of the aircraft as shown in 
simulated full scale fire tests conducted previously (2). There were 
no significant differences observed in the fire blocking efficiency 
of the layers whether a non-fire retarded or a fire retarded urethane 
foam was used. At 5.0 W/cm2 , the efficiency of the VonarR 3 was higher 
with the non-fire retarded foam "hile the aluminized fabric showed a 
higher efficiency with the same foam at 7.5 W/cm2 as shown in Figures 9 
and 10. It is not precisely known whether this difference is due to 
the differences between the two foams or is due to the different mechan­
isms of the heat blocking layers, i.e. transpiration or re-radiation 
cooling. Neither one of the two aluminized fabrics show outstanding 
performance in comparison with each other. When the complexities 
of the effect of the underlying foam are taken into consideration, it 
is reasonable to rank them as giving equal fire protection. For 
example, in the case of the fire-retarded foam, the NorfabR gives 
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excellent fire protection at the low (2,5 W/cm2
) heat flux in 

comparison with PreoxR 1100-4 fabric as shown in Figure 11. At 
5.0 W/cm2

, they are equal and at 7,5 W/cm2
, the situation is re- R 

versed when using the non-fire retarded urethane foam. The Norfab 
llHT-26-Al fabric exhibited better performance at all heat flux levels 
when tested with the non-fire retarded foam as shown in Figure 12. 

The 181-E glass fabric indicated the lowest fire protection at 
5.0 W/cm2 when the exposure time is averaged over 5 min as shown in 
Figure 10. At the (2) minute interval, its performance was approxi­
mately the same as the other fabrics as shown in Figure 9. 

A study of the cost/weight penalty of different heat blocking 
systems (7) shows that the re-radiation-cooling systems or aluminized 
fabrics provide far better cost-efficiency than the transpirational­
cooling systems such as VonarR 3, These results and the equality 
in fire protection performance shown in this study, points in favor 
of aluminized fabrics for possible use as cost efficient heat pro­
tection system for the urethane foam. 

Several difficulties were encountered when conducting the radiant 
panel tests. The major complications were: (a) the experiments were 
designed to measure the amount of gas, originating from the urethane 
foam, injected into the air, To really determine how much gas due to 
urethane decomposition that is produced, the gases need to beanalyzed 
(preferably by GC-MS methods). This could not be done at the time of 
this study; (b) some of the gas produced from combustion of urethane 
foam may be trapped in the heat blocking layer. The amount of gas 
trapped is extremely difficult to measure. The initial experiments 
showed that, in some cases, the difference in the weight loss of the 
HBL (with and without a urethane foam core) was greater than the 
weight of foam lossed; hence the weight of gas trapped could not be 
measured, This problem was corrected by perforating the fabric on 
the back surface to allow venting of the gas and, (c) there was a 
problem with the quenching period, At 7,5 W/cm2 this might well be 
the dominant mechanism for weight loss of the urethane foam for 
shorter test runs, It is desirable that a method to instantly quench 
the sample be developed for testing at heat fluxes of 7,5 W/cm 2 and 
higher. 

Thermal Efficiency 

The NASA-Ames T-3 thermal test (8) was used to determine the 
fire endurance of the seat configurations shown in Tables 1 and 2. 
In this test, specimens measuring 25 em x 25 em x 5.0 em thick were 
mounted on the chamber and thermocoupled on the backface of the 
specimen, The flames from an oil burner supplied with approximately 
5 liters/hour of JP-4 jet aviation fuel provided heat flux to the 
front face of the sample in the range of 10,4-11.9 W/cm2

, The test 
results were inconclusive since the temperature rise in most of the 
specimens was extermely rapid and it was very difficult to determine 
small differences in fire blocking efficiency of the various layers. 
Additional work will be performed to reduce the level of heat flux 
in the chamber in order to be able to differentiate easier among 
the samples. 

• 
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Conclusions 

It is understood that a great number of mechanisms govern the 
performance of fabrics.and foams when exposed to heat radiation. 
Finding these mechanisms and measuring their individual parameters, 
is extremely difficult. In this study efforts were directed towards 
determining the heat protection provided by different heat blocking 
layers, relative to one another. 

Some specific conclusions may be drawn from this study: 

(a) Modified NBS smoke chamber provides a fairly accurate 
method for detecting small differences in specimen weight loss over 
a range of heat fluxes and time. 

(b) Aluminized thermally stable fabrics provide an effective 
means for providing thermal protection to flexible urethane foams. 

R 
(c) Vonar 2 or 3 provided approximately equal thermal pro-

tection to F.R. urethane than the aluminized fabrics but at a 
significant weight penalty. 

(d) No significant differences were observed in the use of 
F.R. or N.F. urethane when protected with a fire blocking layer. 

(e) The efficiency of the foams to absorb heat per unit mass 
loss when protected with the heat blocking layer decreases signifi­
cantly in the heating range of 2.5-5.0 W/cm2 , but remains unchanged 
or slightly increases in the range of 5.0-7.5 W/cm2 • 

The results showed that the heat blocking systems studied pro­
vides significant improvement of the fire protection of aircraft 
seats compared to the state-of-the-art (i.e. the seats presently 
used in the commercial fleet). 

The results indicated that transpiration- and re-radiation­
cooling systems provided approximately equal fire protection. How­
ever, the high weight/cost penalty of the transpiration system 
favored the re-radiation systems (7). 

The T-3 test is not suitable at its present operation to detect 
minor differences in heat blocking efficiency. Additional methods 
must be utilized in evaluating these and similar materials in order 
to establish a good correlation between these weight loss experiments 
and other more established or standard test methodologies. 
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AREAL SEAT 
SAMPLE FIRE BLOCKING DENSITY, DENSITY, WEIGHT, 
NO.(ll MATERIAL Kg/m2 FOAM Kglm3 g 121 %..1 

r-------
367 NONE f.R. URETHANE 29.9 2374 0 

~-··-·- -------
17 VONAR 3 . COTTON 0.91 F.R. URETHANE 29.9 3935 +66 

11 VONAR 2" COTTON 0.67 F.R. URETHANE 29.9 3525 +48 
-· -------·-

373 PRE OX 1100·4 0.39 F.R. URETHANE 29.9 3039 +28 
----

376 NORFAB llHT 26-AL 0.40 f .A. URETHANE 29.9 3055 +29 
-------- -~--~-

377 181 E-GLASS 0.30 F.R. URETHANE 29.9 2888 +22 

Ill ALL CONFIGURATIONS COVERED WITH WOOL·IlYLON FABRIC, 0.47 Kgim2 

121 ESTIMATED WEIGHT Of COACH SEAT CONSISTING OF BOTTOM CUSHION (50.8 · 55.9 · 
10.2 eml, BACK CUSHION (45.7 · 50.8' 5.1 em) AND HEAD REST (45.7 • 20.3 · 12.7 cml 

Table Composite Aircraft Seat Configuration 
with F.R. Urethane 

AREAL SEAT 
SAMPLE FIRE BLOCKIIlG DENSITY. FOAM DENSITY. WEIGHT. 
NO. Ill MATERIAL Kglm2 

t----
Kg/m3 g (21 %..1 

15 VONAR 3 COTTON 0.91 N.F. URETHANE 16.0 3205 +35 
(23.21 (35831 1+511 

1---
372 PRE OX 1100-4 0.39 N.F. URETHANE 16.0 2309 -2.7 

(23.21 126881 1+131 

375 NORFAB llHT-26-AL 0.40 N.F. URETHANE 16.0 2325 -2.1 
123.21 127031 1+141 

289 NONE POLY IMIDE 19.2 1812 -24 

Ill ALL CONFIGURATIONS COVERED WITH WOOL-NYLON FABRIC, 0.47 Kg/m2 

121 ESTIMATED WEIGHT OF COACH SEAT CONSISTING OF BOTTOM CUSHION 150.8 • 55.9 • 
10.2 eml, BACK CUSHION 145.7 • 50.8 • 5.1 eml ANO HEAD REST 145.7 · 20.3 · 12.7 cml 

Table 2: Composite Aircraft Seat Configuration 
with N.F. Urethane 

FIRE BLOCKER 

NORFAB"' 11HT·26-AL 
ALUMINIZED 

PREOX'""' 1100·4 
ALUMINIZED 

f-----------------
VONAR 2 COTTON 

VONAR 3 'COTTON 

181 F GLASS fABRIC ' 
:\ \ 1 I \' ~\, t -\\ I 

'l'ahle 3: 

AREAL 
DENSITY, 
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MAX d lwtl 
COMPL. CHAR YIELD, 

SAMPLE NAME PDT, c c PYROLYSIS, c % 
dt 

AIR N2 AIR N2 AIR N2 AIR N2 

t---
WOOL-NYLON 212 273 405 339 538 440 23 

PRE OX- 1100-4 276 315 610 350 667 447 8 58 
------~--~ -~ 

NDRFAB 11HT-26AL 440 440 590 560 612 610 34 61 
- ·-- --- - ---- -- --·-- -----~ 

VONAR 2. 3 278 276 385 352 600 517 36 47 
---~--· ------··-- ------- ~--- -- ----I----
N.f. URETHANE 278 263 320 338 340 410 2 5 

·--------- ~-- --- ----
f R. URETHANE 268 250 331 380 381 401 11 6 

--·- -·)-- -
POLY IMIDE 384 450 563 585 659 596 48 

Table 4: Thermogravimetric Analysis 

AIR N2 
SAMPLE NAME 

..IH.J/G PEAK TEMP., C ..IH,J/G PEAK TEMP .. C 

WOOL-NYLON 137 200 273 
48 299 

PREOX 1100·4 188 356 174 

NORFAB 11HT-26-AL - - -

VONAR 2. 3 -300 350 -666 
317 377 122 

N.f. URETHANE 4970 386 2105 

f.R. URETHANE 2264 356 -
POLYIMIDE 366 386 -

COMMENTS' POSITIVE .lH-VALUES INDICATE EXOTHERMIC REACTIONS (i.e. HEAT 
EVOLVED IN THE TRANSITION). NEGATIVE ..IH-VALUES INDICATE 
ENDOTHERMIC REACTION (i.e. HEAT ABSORBED IN THE TRANSITION I 

"-"IIJDICATES THAT 140 TRANSITIONS WERE OBSERVED WITHitJ THE 
RANGE Of THIS DSCCELL (0-550 Cl 

199 

351 

-

333 
363 

408 

-
-

Table 5: Differential Scanning Calorimetry 



SPECIFIC MASS FIGURE OF RELATIVE FIGURE OF 
INJECTION RATE MERIT MERIT Ill 

M 10-5 g . · 104 W sec f!.-: 0 • 100% 

cm2 sec 
c=q/M ---

g 

CONFIGURA liON DESCRIPTION 2.5 5.0 7.5 2.5 5.0 7.5 2.5 5.0 7.5 

NUMBER OF SAMPLE W/cm2 W/cm2 W/cm2 W/cm 2 W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 

1-------··-1--------
367 WOOL NYLON/F.R 

URETHANE 13 61 1.9 0.8 N/A 32 42 N/A 
. ------------· ---- -

17 WOOL·NYLON/VONAR 3 
COTTON/F.R. URETHANE 4.1 27 28 6.0 1.9 2.7 100 100 100 
---------- -··-

11 WOOL-IJYLON/VONAR 2 
COTTON/F.R. URETHANE 4.0 21 50 6.3 2.3 1.5 105 121 56 

----------
373 IIOOL NYLON/PREOX 

1100·4/F.R. URETHANE 3.3 29 59 7.7 1.7 1.3 128 89 48 
t--· -· t--· 

376 IVOOL·NYLON/NORFAB 
llHT-26-AL/F.R. URETHANE 2.7 24 66 9.4 2.1 1.1 155 111 0.41 

377 WOOL·NYLON/181 E GLASS/ 
F.R. URETHANE 4.0 25 6.3 2.0 N/A 105 105 N/A 

r-------- ------ -----·-

Ill SCALED RELATIVE TO' 0 FOR VONAR 3 HEAT BLOCKitJG LAYER WITH A VALUE OF 'O AS 100 

Table 6: 

~-· 

Mass Loss Data of F.R. Urethane 
at 2 Min. from Radiant Panel Test 

MERIT MERIT Ill 
t ,, 0 · 10<Yro 

I SPECIFIC MASS 
, INJECTION RATE 

FIGURE OF RELATIVE FIGURE OF 

CONFIGURATION 
NUMBER o~:~:~;::' ~ ' ;';;;',;; -''' '".''" 

100 

372 

I ··~· N<CO,NO,-;;, > -- t :::"'i W~c~l2~ W~c:2 W~c~12 W~;~~_l_w~~i W~;:2 
COlTON;tJ.F URETHANE ,, 1 5 27 28 19 1.9 I 2.7 I 317 l WOOL NYLON/PREOX j -----1---- - -------~-- ----l---1----

r ~~~~:~;{~£~~:~;?LN:t~:_: I <~-r.-+--:1, :: : ~: -+--~-:_:_J-2_
1

:_: __ +--_1:_:_ 

t VIOOL-IJYLON/POLYIMIDE ;-1 0 t-~- N/A N•A I rJ/A N/A IJ/A NIA 

!1······-·· ·------ -- '- -t-
1 

I 

I --+ 
_l_ i 

1 5.o 1 7.5 

W/cm2 i W/cm2 

100 

I 

·-~ 

37b 

289 

I ---+---+--1---+----

1 

I 11 SCAlE ll IH LA 11VF TO, o FOR VONAR 3 HEll T BLOCKING LAVER WITH A VALUE OF, o AS 100 

Table 7: Mass Loss Data of N.F. Urethane 
at 2 Min. from Radiant Panel Test 

c 



• 

81 

SPECIFIC MASS FIGURE OF RELATIVE FIGURE Of 
INJECTION RATE MERIT MERIT Ill 

CONFIGURATION DESCRIPTION 
. 10-5 9 . · 104 w sec (t(o. 100% 
M-- ~ =q/M ---

NUMBER OF SAMPLE cm 2 sec 9 

2.5 5.0 7.5 2.5 5.0 7.5 2.5 5.0 7.5 

W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 W/cm2 

r---· -···--

367 WOOL NYLON/F.R. 
URETHANE 50 66 N/A 0.48 0.76 N/A 8 35 N/A 

--~ --. 

17 WOOL-NYLON/VONAR 3 
COTTON/F.R. URETHANE 4.2 23 27 5.9 2.2 2.8 100 100 100 

---~ --- ---- .. ·---

11 WOOL-NYLON VONAR Z 
COTTON/F.R. URETHANE 3.9 21 47 6.4 2.3 1.6 108 104 57 

·- --- . -- ----
373 WOOL·NYLON/PREOX 

1100-4/F.R. URETHANE 3.3 17 35 7.6 3.0 2.1 128 136 75 
-- ---- ··---. ··- --

376 WOOU~YLON NORFAB 
11HT·26·ALIF.R. URETHANE 2.2 16 55 11 3.1 1.4 186 141 50 

-- --1---1------
377 WOOL·NYLON/181 E·GLASS/ 

F.R. URETHANE 3.5 33 N/A 7.1 1.5 N/A 120 68 
1------ ----- -

Ill SCALED RELATIVE TO 'O FOR VONAR 3 HEAT BLOCKING LAYER WITH A VALUE OF, 0 AS 100 

Table 8: Mass Loss Data of F.R. Urethane Averaged 
Over Time from Radiant Panel Test 

N/A 
--· 

SPECIFIC MASS 
INJECTION RATE 

. 10-5 9 
M-­

cm2 sec 

FIGURE OF 
MERIT 

RELATIVE FIGURE OF 
MERIT Ill 

, =Q/M 1o4w~ 
g 

ol•o. 100% 
CONFIGURATION 

NUMBER 

15 

DESCRIPTION 
OF SAMPLE 

WOOL·NYLON/VONAR 3 

2.5 

W/cm2 

COTTON/N.F. URETHANE 2.8 
. -----1---· ··-··---·------- - ---··· 

372 

5.0 7.5 

W/cm2 W/cm2 

22 28 
---

WOOL NYLON/PREOX 
1100·4/N.F. URETHANE 4.9 29 30 

---~~------------- --------
375 WOOL-NYLON/IOORFAB 

llHT-26-AL/N.F. URETHANE 3.0 12 19 
1-------------l------- -----·- ----)--··-

289 WOOL NYLON/POL YIMIDE 0 0 0 

1---------------------- ---t----

2.5 

W/cm2 

8.9 

5.1 
------

8.4 

N/A 

--~--

5.0 1.5 2.5 5.0 

W/cm2 W/cm 2 W/cm2 W/cm 2 

)--· 

2.3 2.7 1.49 105 

1.7 2.5 86 77 
----

4.1 3.9 142 186 
-- -r---~· 

N/A IHA 1~/A N/A 

------

1-------+---------+----+--+---+---1----+-· ~ --·--r-----

t-------+-----------+--+--+---1-----+---+-·~t-----

Ill SCALED RELATIVE TO, O FOR VONAR 3 HEAT BLOCKING LAYER WITH A VALUE OF, O AS 100 

Table 9: Mass Loss Data of N.F. Urethane Averaged 
Over Time from Radiant Panel Test 

--
7.5 

W/cm2 

96 
----

89 
----

140 

1~/A 
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APPENDIX D -1 

Study for the Optimization of Aircraft Seat Cushion Fire Blocking 
Layers - Full Scale Test Description and Results 

Final Report, Contract NAS2-11095, Kenneth J. Schutter 
and Fred E. Duskin, Douglas Aircraft Company. 
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SECTION I 
INTRODUCTION 

Aircraft passenger seats represent a high percentage of the organic 
materials used in a passenger cabin. These organics can contribute 
to a cabin fire if subjected to a severe ignition source such as post­
crash fuel fire. Since 1976, programs funded by NASA have been conducted 
at Douglas Aircraft Company to study and develop a more fire-resistant 
passenger seat. The first program dealt with laboratory screening of 
individual materials (Report No. NASA CR-152056, Contract No. NAS 2-9337). 
The second program continued laboratory screening of individual materials. 
conducted laboratory burn tests of multilayer materials, developed a full­
scale standard fire source and prepared a preliminary fire-hardened 
passenger seat guideline (Report No. NASA CR-152184, Contract No. NAS 2-9337). 
The third program consisted of additional laboratory burn testing of multi­
layer materials, fabricating a fire-hardened three-abreast tourist class 
passenger seat, and a design guideline for fire-resistant seats (Contract 
No. NASA 2-9337, Report No. NASA CR-152408). The fourth program fabricated 
and burn tested full-scale seat cushions utilizing the fire blocking concept 
for protecting the inner cushion (Contract No. NASA 9-16026). 

The tests documented in this report involve a continuation of full-scale 
burning of seat cushions utilizing the fire-blocking concept. 
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SECTION 3 
TEST ARTICLES 

Thirteen different seat cushion constructions were tested (Table 1). 
Fire blocking, when incorporated, covered all sides of the cushion. 
All seams were sewn with nylon thread. The overall dimensions for 
the back cushions were 43 by 61 by 5 centimeters (17 by 24 by 2 inches). 
The bottom cushions dimensions were 46 by 50 by 8 centimeters (18 · 
by 20 by 3 inches). 

3.2 Materials 

The 13 test specimens were fabricated using a combination of materials 
shown in Table 2. These materials were selected and supplied for 
use in this program by NASA-AMES Research Center. 

All cushions were fabricated by Expanded Rubber and Plastics Corporation 
in Gardena, California. 
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TABLE 1 
SEAT CONSTRUCTIONS 

Construction Decorative Slip Cover Fire Blocking Foam Number Upholstery 

1 Wool-Nylon None None F. R. Urethane* 

2 Wool-Nylon Cotton-Muslin Vonar-3 F. R. Urethane 

3 Wool-Nylon Cotton-Muslin Vonar-2 F. R. Urethane 

4 Wool-Nylon None 3/8 LS 200 F. R. Urethane 

t 5 Wool-Nylon None Celiox 101 F. R. Urethane 

6 Wool-Nylon None Norfab 11 HT-26-AL F. R. Urethane 

7 Wool-Nylon Cotton-Muslin Vonar-3 tL F. Urethane* 

8 Wool-Nylon None Norfab 11 HT-26-AL N. F. Urethane 

9 Wool-Nylon None None LS 200 Neoprene 

10 Wool-Nylon None None Polyimide 

11 Polyester None None Polyimide 

12 Wool-Nylon None Norfab 11 HT-26 F. R. Urethane 

13 Wool-Nylon None PBI F. R. Urethane 

*F. R. Urethane (Fire Retarded Urethane) 
N . F. Urethane (Non-Fire Retarded Urethane) 

.. 
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T/101 C" ? 
TABLE 2 

MATERIAL 

Material 

#2043 urethane foam, fire-retardant (FR), 
0.032 g/cm 3 (2.0 lb/ft3) 43 ILD 

Urethane foam, non-fire retardant (NF), 
0.022 g/cm3 (1.4 lb/ft3) 24-35 ILD 

Vonar-3, 3/16-inch thick with Osnaburg 
cotton scrim (23.5 oz/yd 2 ) .079 g/cm2 

Norfab llHT26-aluminized (12.9 oz/yd2 ) 
.044 g/cm2 , aluminized one side only 

Gentex preox (celiox) (10.9 oz/yd 2 ) 
.037 g/cm2 , aluminized one side only 

Wool nylon (0.0972 lb/ft2 ) .0474 g/cm2 , 

90% wool/100% nylon, R76423 sun 
eclipse, azure blue 78-3080 
(ST7427-ll5, color 73/3252) 

Vonar 2, 2/16 inch thick, .068 g/cm2 , 
(19.9 oz/yd 2 ) osnaburg cotton scrim 

LS-200 foam, 3/8 11 thick (33.7 oz/yd 2 ) 

.115 g/cm2 

LS-200 foam, 3-4 inches thick (7.5 lb/ft3) 
0.12 g/cm3 

Polyimide Foam (1.05 lb/ft3) .017 g/cm3 

100% polyester 
(10.8 oz/yd?) .037 g/cm2 

4073/26 

Norfab 11HT26 
Approximately (11.3 oz/yd 2 ) .038 g/cm2 

PBI 
Woven Cloth 
Approximately (10.8 oz/yd 2 ) .037 g/cm2 

Source 

North Carolina Foam Ind. 
Mount Airy, NC 

CPR Division of Upjohn 
Torrance, Ca. 

Chris Craft Industries 
Trenton, NJ 

Amatex Corporation 
Norristown, Pa 

Gentex Corporation 
Carbondale, Pa 

Collins and Aikem 
Albermarle, NC 

Chris Craft Industries 
Trenton, NJ 

Toyad Corporation 
Latrobe, Pa 

Solar 
San Diego, Ca 

Langenthal Corporation 
Be 11 evue, Wa 

Gentex Corporation 
Carbondale, Pa 

Calanese Plastic Company 
Charlette, NC 
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SECTION 4 
TEST PROGRAM 

4.1 Test Setup 

All tests were conducted within the Cabin Fire Simulator (CFS). The 
CFS is a double-walled steel cylinder 12 feet in diameter and 40 
feet long, with a double-door entry airlock at one end and a full­
diameter door at the other. It is equipped with a simulated ventil­
ation system and, for environmental reasons, all exhaust products 
are routed through an air scrubber and filter system. A view port 
in the airlock door allows the tests to be monitored visually. The 
radiant heat panels used in these tests were positioned as shown in 
Figures 1 and 2. 

The radiant panels consisted of 46 quartz lamps producing a 10 watt/ 
square centimeter heat flux at 6 inches from the surface of the panels. 
Prior to testing, the heat flux upon the cushion surface was mapped 
using calorimeters. Figure 3 shows the positions at which heat flux 
measurements were taken and their recorded values. 

4.2 Instrumentation 

4.2. 1 

4.2.2 

The relative location of instrumentation for the tests is shown in 
Figure 4. 

Post test still photographs were taken for each seat construction. 
These photographs are located in Appendix A. In addition, a video 
recording was made during each test. 

Thermal Instrumentation 

Temperatures were obtained using chromel-alumel thermocouples placed 
within the seat constructions. The number of thermocouples varied 
between 2 and 3 per cushion depending on whether or not a fire 
blocking layer was used (Figure 5). In the CFS, chromel-alumel 
thermocouples were located along the ceiling and at the cabin air 
exhaust outlet. Two heat flux sensors were installed facing the 
seat assembly. The upper calorimeter was used to monitor the heat 
flux given off by the radiant panels to insure consistency among 
tests. The thermocouple and calorimeter signals were fed through 
a Hewlett-Packard 3052A Automatic Data Acquisition System which 
provided a real-time printout of data (Figure 6). 
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FIGURE 1. TEST STEUP 
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1. I Te<>t ProrPrlure ... 

lw.ht,•n·. '"'·t•·um•·nh•d l~tlh lh•·•·m,~onuplt"• Wt'l•' w••lqlu••l, lh,•n P••·.iltPnt•d 
t'll lht• ·,p,11 lt',l1114' lh•• •.t•.ll tt·.uut• wJ~ t•iq•.tt>d wtlh ..,w;penc.,toll cablf's 
.tnd hunq ft·om nnt~ end of a cable located in the ceilinq of the CFS. 
The other end of the ceOing cable was attached to a load cell. 
Thermocouples, heat flux sensors, and load cells were checked for 
proper operation and calibration. The c001puter and video were 
started, the propane gas was ignited, and then the radiant panel was 
switched on. The radiant panels remained on for five minutes. 
After fifteen minutes, the tests were complete and post-test photos 
were taken of the cushion residue. The residue was removed from the 
seat frame and ""~ighed. 

• 
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FIGURE 6. DATA ACQUISITION 



94 

SECTION 5 
TEST RESULTS 

A total of 23 full-scale cushion burn tests were conducted. Each 
seat construction listed in Table 1 was tested twice with the 
exception of constructions 8, 11, 12 and 13. For these constructions, 
only enough material for one test was available. However, when two 
tests of the same construction were made, the results were identical 
and therefore a third test was considered unnecessary. 

The purpose of these tests was to investigate the burning character­
istics of cushion employing fire resistant designs. It was the 
peculiar designs and how the materials were used which were evaluated 
and not so much the individual materials themselves. To give an 
example, construction number 2 was designed to employ one layer of 
Vonar-3 as a fire blocking layer. The evaluation of the performance 
of this cushion was not so much decided on what material was used, 
Vonar-3, as the way in which it was used, one layer as fire blocking. 

5.1 General 

The constructions tested can be classified in four groups. These 
groups are standard cushion construction, standard cushion construction 
with a protective covering enveloping the urethane foam core, standard 
cushion construction with a protective covering enveloping non-fire 
retarded urethane foam core and standard cushion construction with 
the urethane foam core replaced by an advance fire resistant foam. 

The test results of these constructions is graphically provided in 
plots presented in Appendix B. To aid in comparison of these 
constructions, the peak values for each test and the time at which 
they occurred were taken from the respective plots and are presented 
in Table 3. The weight loss results are in Table 4. Post-test 
photographs for each construction are located in Appendix B. 

5.2 Standard Seat Construction 

Construction number 1 is representative of the type of materials 
most commonly used in the construction of aircraft passenger seat 
cushions. These cushions were totally consumed by the fire in a 
matter of minutes .. 

Characteristically, the fire-retarded urethane foam thermally 
decomposes under the extreme heat into a fluid form and subsequently 
to a gas. In the fluid form, the urethane drips from the seat 
cushion onto the floor forming a puddle or pool. This pool of 
urethane fluid gives off gases which are ignited by burning debris 
falling from the seat. This results in a very hot pool fire 
engulfing the seat in a matter of minutes. 



CUSHION 
CONSTRUCTION 

~o~o ~o~~~~~~~~-~ 

1 TEST 1 

• 

TABLE 3 
TEST DATA PEAK VALUES 
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TABLE 3 
TEST DATA PEAK VALUES (CONTINUED) 
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5.3 Protected Fire-Blocked Standard Cushions 

The purpose of the fire-blocking layer surrounding the urethane 
foam core is to therma 11 y i so 1 ate the foam from the heat source 
by either conducting the heat laterally away and by providing an 
insulative char layer. 

5.3. 1 Aluminized Fabric 

The celiox and norfab fire blocking constructions employed a 
reflective aluminum coating bonded to their outer surface. 

All three constructions resulted in identical test results. These 
constructions were unable to protect the urethane foam in the 
cushions closest to the radiant heat source. They were able to 
slow down the burn rate of the urethane thus producing a less severe 
fire. This fire was unable to penetrate the adjacent cushions also 
protected by these materials. 

Characteristically, in these constructions the urethane thermally 
decomposes within the fire-blocking layer and produces fluids and 
gases. The gas leaks through the cushion seams, ignites, burn and 
continues to open the seams. This results in a small controlled 
pool fire burning within the fire-blocking envelope with flames 
reaching through the seam areas. The radiant heat source in 
combination with the controlled pool fire, is adequate to thermally 
de~ompose the urethane foam on the closest side of the adjacent 
cushions. The heat source is not adequate to ignite these gases. 

Reversing the edges at which the seams were located, i.e, placing 
the seams at the bottom edge instead of the top edge of the cushion, 
made no appreciable difference for the cushions adjacent to the 
fire source. Placing the seam on the bottom edge of the cushions 
farthest from the radiant panel helped to prevent the escaping 
gases from igniting, and the seam from opening. All cushions using 
this fire-blocking material were vented in the back to prevent 
ballooning of the cushions by the gas generated within them. 
However, the decomposed urethane tended to plug the vent and 
restrict the out-gasing. The overall final appearance of the 
cushion closest to the radiant panels showed a fragile, charred, 
empty fire-blocking envelope with its seams burned open. 

The final appearance of the cushions farthest from the radiant 
panels showed a partially charred upholstery cover. The urethane 
cushion had some minor hollow spots. When the seams were placed 
on the bottom edge of the cushion, a fully intact fire-blocking 
envelope remained. 

The percent weight loss between the fire and non-fire retarded 
urethane cushions was small, as shown by Figure 7. 
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TA8LE4 
WEIGHT DATA 

Cushion Weight Before Weight After Weight Loss 
Construction kg (LB) kg (LB) kg (LB) 

Test 1 3.36 ( 7 .4) a (a) 3.36 (7 .4) 

1 Test 17 3.4a ( 7.5) a (a) 3.4a (7 .5) 

2 Test 2 5. 78 (12.75) 3.72 ( 8.2a) 2.a6 (4.55) 

2 Test 4 5.43 (11.97) 3.76 ( 8.3) 1.67 (3.67) 

3 Test 11 5.22 (11.5) 3.27 ( 7.2) 1.95 (4.3) 

3 Test 12 5.22 (11.5) 3.27 ( 7.2) 1.95 (4.3) 

4 Test 3 5.28 (11.65) 3.47 ( 7.65) 1.81 (4.a) 

4 Test 1a 5.42 (11.95) 3.54 ( 7 .8) 1.88 (4.15) 

5 Test 7 4.11 ( 9.a5) 3.00 ( 6.62) 1.11 (2.23) 

5 Test 13 4.17 ( 9.2a) 2.95 ( 6.5a) 1.22 (2. 7a) .. 
6 Test 5 4.26 ( 9.4a) 3.23 ( 7. 13) l.a3 (2.27) 

6 Test 14 4.23 ( 9.32) 3.18 ( 7 .a) l.a5 (2.32) 

Test 15 5.1a (11.25) 3.8 ( 8.45) 1.3a (2.8a) 

7 Test 16 5.oa ( 11.03) 3.67 ( 8.1a) 1.33 (2.93) 

8 Test 18 3.84 ( 8.47) 2.74 ( 6.as) 1.1a (2.42) 

9 Test 8 8.89 (19.6) N/A 

9 Test 19 8.62 (19.a1) 8.a (17 .65) .62 (1.36) 

10 Test 9 2.29 ( 5.as) 1.63 ( 3.6a) .66 (1.45) 

1a Test 6 2.94 ( 6.48) 1.68 ( 3.7a) 1.26 (2. 78) 

11 Test 20 1.91 ( 4.20) 1.66 ( 3.67) .25 ( .53) 

12 Test 21 4.13 ( 9.10) 1.66 ( 3.66) 2.47 (5.54) 

13 Test 22 4.45 ( 9.8a) 2.72 ( 6.aa) 1.73 (3.8a) 

CUSHION 
CONFIGURATION 

BASELINE (1) 

VONAR 3/FR (2) l 3 5. 7% 

VON.!\R 2/FR (3) I 37.4% 

VONAR 3/NF (7) 124.9% 
3/R LS-200/FR (4) 

CEL IOX/FR (5) 
I 3 4 • 3% 

l 24. 6% 
• 

PB I/FR (13) 

NORFAB-AL/FR (6) 
13 8 • 8% 

I lz 1t. 1% 
NORFAB-AL/NF (8) 128 .6% 
NORFAB/FR (12) IGo. 9% 
LS-200 (9) l7 • 2"/o 
POLY IMIDE ( 10) ] 2 8. 7% 

POlY IMIOf ( 11) 
W/1'01 Yl Sll H 

1--·--- . ___ ] 1 2 • 6 7.. 
'------. -t ·-· • .. ·-·---.f··· .. ___. .. _ .. _. 
0 10 20 30 40 50 60 70 80 90 

PERCENT WEIGHT LOSS 

FIGURE 7. PERCENT WEIGHT &.OSS 
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5.3.2 Non-Aluminized Fire Blocking 

5.4 

Constructions 2, 3 and 7 used Vonar foam, construction 4 used 
LS-200 foam, construction 12 used non-aluminized norfab fabric 
and construction 13 used PBI fabric. 

The constructions were unable to protect the urethane foams in the 
cushions closest to the radiant panels. However, they did slow 
down the burn rate of the urethane thus subjecting the adjacent 
cushion to a less intense fire. 

The fire-blocking foams performed much like the aluminized fabric 
fire-blocking in that even though the heat was intense enough to 
thermally decompose the urethane into a fluid and gas, the fire 
blocking layer was able to contain and subdue the burning urethane. 
Flames exited where the fire-blocking char layer had fallen away. 

The non-aluminized norfab fabrics were unable to contain the 
decomposed urethane. The urethane fluid dripped onto the floor where 
it pooled and ignited. The cushions were completely consumed when 
this floor fire engulfed it. The overall final appearance of the 
cushion remains closest to the radiant panels for foam fire blocking 
constructions 2, 3, 4 and 7 was thoroughly charred fire-blocking 
material void of all urethane foam. 

The final appearance of the cushions farthest from the radiant panels 
were very similar. They varied in the amount of thermal decomposition 
of the urethane foam core, i.e., the size of the void or hollowing of 
the urethane. Construction number 2 using Vonar-3 material produced 
the smallest amount of urethane decomposition. It was followed by 
construction number 4, 3/8 LS 200 neoprene, and construction number 
3, Vonar-2. Construction number 7 used a non-fire retarded urethane 
with Vonar-3. It did not fair as well as construction number 2 
employing fire retarded urethane. 

Typically, the foam fire-blocking layer adjacent to the urethane 
hollow spots were completely charred but intact. 

Advanced Foam 

Construction numbers 9, 10 and 11 used advanced foams in place of 
the urethane foam. 

Construction number 9, LS 200 neoprene, produced a deep seated fire 
which did not produce a significant amount of heat or flames. It 
smoldered long after the test was completed and required total 
emersion in water to extinguish. This cushion had the lowest 
weight loss as shown by Figure 7. However, an all LS-200 neoprene 
seat cushion would result in a large aircraft weight impact because 
of its high density. 
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The foam in the seat cushion closest to the radiant panels was 
completely charred with the upholstery burned off of all surfaces 
except the bottom and back. 

The foam in the seat cushions farthest from the radiant panels 
had a thick char on the edge closest to the heat source. This char 
gradually diminished halfway across the cushions. The upholstery 
on the back and bottom of these cushions was not burned. 

Constructions 10 and 11, polyimide foam, had different upholstery 
materials. Construction 10, 90/10 wool-nylon upholstery, performed 
identically to a previous test program. The cushions closest to 
the radiant panels shrunk to one-half inch in thickness or less with 
a char of one-quarter inch or greater. 

The cushion farthest from the radiant panels shrank to within one­
half inch thickness with a char of one-quarter inch or less. 

Characteristically, the polyimide foam thermally decomposes by 
giving off gases, and produces a char layer as it decreases in size. 

The decomposing of the foam beneath the upholstery on the seat 
farthest from the radiant panel creates a pocket or void where the 
gases generated by the foam accumulates. When these trapped gases 
burn, the foam further thermally decomposes. Construction number 
11, polyester upholstery, reacted differently from that characteristic 
of construction number 10. When the radiant panel was turned on, 
the polyester upholstery on the cushion farthest from the heat source 
rapidly decomposed into a liquid which dripped off the seat cushions. 

With the upholstery gone, the majority of the gas from the decomposing 
polyimide foam escaped without igniting. These cushions decomposed 
less as exemplified by the small weight loss and a thinner char 
layer. 

• 
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SECTION 6 
CONCLUSIONS 

Urethane foam decomposes into a volitile gas when exposed to a severe heat 
source. If this generated gas can be contained in such a manner as to 
prevent its igniting or to control the rate at which it burns, the severity 
of the fire will be reduced. This was clearly shown in the testing of 
standard cushion constructions with a protective covering, "fire-blocking", 
enveloping the urethane foam. 

When the fire blocking was able to contain the decomposing urethane by­
products, i.e., fluid and gas, the cushions closest to the heat source burned 
with less intensity, generated a minimum of heat and were unable to ignite 
the adjacent cushions. However, when the decomposing urethane fluid was able 
to escape from the fire-blocking envelope and pool on the floor, an uncontrolled 
fire erupted which resulted in total burning of all cushion materials. 

Some of the Norfab and Celiox materials utilized aluminum coatings. It was 
not the aluminums reflecting properties which made the cushions perform well 
as it was its non-permeable properties. This coating helped contain the 
decomposed by-products and prevented propagation to the adjacent cushion. 

Had the seams held and all the gases vented out the back of the cushions and 
away from the heat, the decomposing of the cushions may have been even less 
severe. Undoubtedly, the reflective properties had an effect in slowing 
down the decomposing of the urethane, but only by a few seconds. The reason 
being the emissivity and thermal conductivity of the aluminum coating was 
inadequate to resist the severe radiant energy being applied to the surfaces. 

The charred foam fire-blocking layers did not act primarily as a heat 
barrier as they did a liquid and gas barrier. In the cushions farthest 
from the radiant source, the urethane foam still thermally decomposed. It 
formed a pocket of gas behind the intact charred envelope. This was verified 
in post test inspection. However, the gas escaped slowly and only created a 
sn1all pilot flame. The flame extinguished itself when the radiant energy 
source was switched off. 

The polyimide cushions are examples of a foam which thermally decomposes 
at high temperatures and generates gas and char but no noticeable liquids. 
The wool-nylon upholstery trapped gases between itself and the foam. When 
these gases ignited, the foam decomposed rapidly. The polyester upholstery 
decomposed from the cushions fast enough to prevent the trapping of these 
gases. Subsequently, the foam in the cushions decomposed at a slower rate. 
From these tests, it is concluded that no matter the foam used as a core for 
the cushion, if the gases generated by the foam can be expelled or contained 
in such a manner as to prevent their burning or reduce the rate at which 
they burn, a severe fire can be avoided or delayed. It is further concluded 
that if the thermal decomposition characteristics can be altered so as to 
slow down the generation of gas, the time before a fire becomes severe can 
be extended to the point where appropriate extinguishment of the fire may 
be possible. 
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SECTION 7 

RECOMMENDATIONS 

It is r·ecommended that a study be made to incorporate cushion designs 
and fire-blocking materials which are thermally stable and nonpermeable 
to urethane fluids and gases to prevent or reduce the rate at which a 
seat cushion burns. 

This study should include considerations for wearability of fire blocking 
layers, fatigue life of cushion foams and methods of venting decomposition 
gases from the cushion assembly. Test results from this program have 
shown that seam constructions significantly affect cushion burn performance. 
Therefore, seam constructions previously studied by the NASA seat program 
should be reconsidered in future cushion designs. 

It is also recommended to use these studies as a basis to develop a design 
standard for a fire resistant passenger seat. This standard must be 
supported by inexpensive laboratory burn test methods that can verify these 
standards are being met. 

• 

• 
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Construction Decorative Slip 
F.B. Foam Number Upholstery Cover 

1 Wool-Nylon None None F. R. Urethane 

2 Wool-Nylon Cotton Muslin Vonar 3 F.R. Urethane 

3 Wool-Nylon Cotton Muslin Vonar 2 F.R. Urethane 

4 Wool-Nylon None 3/Y LS 200 F.R. Urethane 

5 Wool-Nylon None Celiox 101 F.R. Urethane 

6 Wool-Nylon None Norfab 11 F.R. Urethane 
HT-26-Al 

7 Wool-Nylon Cotton Muslin Vonar 3 N.F. Urethane 

8 Wool-Nylon None Norfab 11 N.F. Urethane 
HT-26-Al 

9 Wool-Nylon None None LS200 Neoprene 

10 Wool-Nylon None None Polyimide 

11 Polyester None None Poly imide 

12 Wool-Nylon None Norfab 11 F.R. Urethane 
'----

HT-26-Al 
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Configuration 1 

Configuration 2 
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Configuration 3 

Configuration 4 
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Configuration 5 

Configuration 6 
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Configuration 7 

Configuration 8 
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Configuration 9 

Confis;uration 10 
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Configuration 11 

Configuration 12 
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NASA SEAT PROGRAM 

PHASE I 
• MATERIAL SCREENING TESTS 

PHASE II 
• MULTIPLE-LAYER OSU TESTS 
• ONBOARD FIRE SOURCE DEVELOPMENT 

PHASE Ill 
• DESIGN STUDY 
• ADDITIONAL MATERIALS SCREENING TESTS 
• ADDITIONAL MULTIPLE-LAYER OSU TESTS 
• SEAT DESIGN GUIDELINE 
• DISPLAY SEAT FABRICATED 

PHASE IV 
• CFS CUSHION BURN TESTS 

PHASE V 
• CFS OPTIMIZED CUSHION BURN TESTS 
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CFS INSTRUMENTATION 
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SEAT CUSHION CONSTRUCTIONS 

CONF FIRE CUSHION 
NO. BlOCKING FOAM REMARKS 

WOOl-NYlON 
UPHOlSTERY 

I NONE FR URETHANE (All EXCEPT NO. 11) 

2 VONAR 3 FR URETHANE 

VONAR 2 FR URETHANE 
SliP COVER 

3 

VONAR 3 NF URETHANE 
COTTON -MUSliN 

7 

4 3 / 8 lS-200 

5 CEUOX 101 

PBI FR URETHANE 

13 W/ 0 AlUM 

6 NORFAB 

8 W/ AlUM NF URETHANE All NF 1.4 PCF 

NORFAB 
12 W/ 0 AlUM FR URETHANE All FR 2.0 PCF 

9 lS-200 All lS 200 7.5 PCF 

10 NONE POlYIMIDE All PI I. f) PCF 

POlYESTER 
11 POlYIMIDE UPHOlSTERY 

TYPICAL FIRE INVOLVEMENT 

CONTEMPORARY FIRE-BLOCKING 
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TEST RESULTS COMPARISON 
POL YIMIDE FOAM 
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TEMP~RATURES ABOVE SEAT 

1000 

100 200 300 
TIME (SECONDS) 

WEIGHT LOSS 

CUSHION 
CONFIGURATION 

BASELINE (I) ~~~~~~~~~~;I~~~~~J (2) 

(3) 

(7) ,t;f¥k!i6ii''WiimfWil®lMtii1 ., .·· ., "' ~ .· ., ... ;, .• N I 
(4) ... ,., ,.,,,,,<:-:::,;::if<:':!:;;:,;~rfft:Wi!'Mti'\:Kl/:W:;::, 

(5) r::::::· .. , .. 'i\i:dFW'!R'!M ?:tdb:\:>'11 l 

VONAR 3/FR 

VONAR 2/FR 

VONAR 3/NF 

3/8 LS-200/FR 

CELIOX/FR 

PBI/FR 

NORFAB-AL/FR 

NORFAB-AL/NF 

NORFAB/FR 

LS-200 

POLYIMIOE 

POLYIMIDE 
W /POL VESTER 

(13) ~~~-~,,-.,~::/~·-'.:'-~>::~ki~-!/~:\:'~i:'Y~-k-~!,(~~~:]1 
(6) ~ 
(8) ····.·:·· ..• ,,, I l 

(12) .·., l 
(9) .·:· ... ::·><' ,,,.,,._· .. \.;.>";'!h::'!if}':·-'::c{{.: ,_,,,.,. 

(10) .. .) 

(11) .I I 

0 5 10 

WEIGHT (POUNDS) 

400 500 

0 BEFORE TEST 

GB AFTER TEST 

15 20 
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CONCLUSIONS 

FIRE-BLOCKING ENVELOPES 

• PROVEN EFFECTIVENESS 

• IMPERMEABLE FABRICS 

• ENVELOPE VENTING SYSTEMS 

• FIRE-RESISTANT SEAMS 

• PROBABLE WEIGHT IMPACT 

1.0 POUNDS PER SEAT 

RECOMMENDATIONS 

FIRE-BLOCKING-DESIGN INVESTIGATION 

• PERMEABILITY VERSUS COMFORT 

• SEAM CONSTRUCTION 

• VENTING METHODS 

• WEARABILITY 

URETHANE FOAMS 

• DECOMPOSITION CHARACTERISTICS 

• LOWER DENSITY VERSUS FATIGUE LIFE .. 
PRODUCTION IMPLEMENTATION 

• DESIGN STANDARDS 

• BURN TEST METHODS 
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APPENDIX E-1 

Seat Cushion Design Manual 

NASA Final Report, Contract 7110-654, Linda Gay Thompson, Informatics, Inc. 

Editor's Note: Sections of this Appendix have been deleted for 
the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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Project: 7110-654 
Tehnical Note No . 

. ' 

Date: March 19, 1982 

Originator: Linda Gay Thanpson 

Subject: Seat Cushion Design 
User' s Manual 

Prepared by 

Informatics Inc. 
1121 San Antonio Road 

Palo Alto, California 94303 
(415) 964-9900 

... 

... 
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f'INAL DRAfT · -. Informatics Inc. 

INTRODUCTION 

INFORMATICS INC. has implemented an interactive computer process. 
to calculate estimated costs for the manufacture and use of 
advanced aircraft seat cushion configurations that are being 
evaluated by NASA-AMES. CRPO for improved fire performance 
characteristics. The methodology was originally developed by ECON. 
Inc., and later, adapted to computer processing by INFORMATICS 
Inc. 

SPECIFICATIONS 

The cost set algorithm methodology has been developed to: 

Provide user interactive computer processing. 

Serve as a storage facility for cushion configuration weight. 
cost and fire performance infor•ation. 

Generate cost information for the manufacture and raw materials 
of each candidate cushion configuration on a u.s. fleetwide 
bas is. 

Derive the weight impact and resulting fuel consumption 
sensitivity of each candidate cushion configuration on a u.s. 
fleetwide basis. 

.. 

• 

• 
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uur InPut 
Required 

..... , 
SEAT CUSHION DESIGN SYSTEM 

DATA F"LOW 

Optional 

. Choice: 
1 F"ile disposition 
1 R~rports displayed 
I Type cost 

Progra• 
COSTS 

* ** XF"ILE 

costout.com 
[J;ostsu·m.com J i Seat rep I acement 

111ethod 
I Years displayed 

L---__,~Joltr.~:=::::::::;~~;=::~liMater i a-1 1fens i ty 

IMatllrial cost 
1 Design code nos. 

Ref~rrence 

Study 
1 F"!eet attrition 

rate 
Max. no. seats 
produced/yr 

* Reports described in User Manual Section 4 

/

Unit cost change/ 
volume cost 

~::::::::::==~-~·volume cost 
~ change material 

mfg. COSt/yr 
jseatl He '-;::=======r..J.I Seat we i g h t 
Ho. seats each A/C 
::c 1st Class 

• ~ Short Hau 1 
!F"uel sensitivity 
oF"uel pric~ 
INo. new A/C 

'

Ho. existing A/C 
Initial year 

I Hew A/C Delivery Rpt. 
! F"!eet Projection I 
!No. years spanned 
i in re1-orts 
i Mnfg. costs or factors; 
, __ and -~!f_. ~~-e- no. ____ ---1 

** XF"ILE records name.com described in user Manual Appendix B 

uur Input 
Regyjrrd 

!
Initial year 
Ho. years spannrd 
Ho. new aircraft 

by typr 
bY _II -~_a_r __ _ 

SEAT CUSHION DESIGN SYSTEM 
DATA F"LOW 

optional 

~J -;,.-~gra• 
·""I HEWACD 

----- L .. 

AUr it ion fact Dr i 
Ho. yrs to project I -, 

* 

.. ··----, 
' I 

I seat · 
, oe•and j 

/ Rrport I 
--------

i Seat rrp !ace•ent ~ SEATDH 
Srat!ife :~i Progra•l 

•rthod I ~ 
Hax.no. seats L_ ____ _ 

P~I)~UCfdi'Y_!" 

* Reports described in User Manual Section 4 
** XriLE records name.com described In user Manual Appendix B 

** 
~ 

~ Newac!l. co_1_11 _________ 

1 
·--- ---fAircraft na•e 

NO. _e_ng i_n_!~-- -----

~ _s,_~td~~-CI~-:1 Ho. ne• aircraft 
jHO. existing aircraft 
1 Initial yr 
· flret prj 

new A/C d!v. schd. 
F"or each A/C 

1 
no. seats 
::c 1st class 
::c Sh()r~ __ !'_~!- ______ , 



..U.LttJ.IIP.U\. 
Rrqytrrd 

S•at dl••nslons 
b\1 nat tvp• 
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SEAT CUSHION DESIGN SVSTE" 
DATA F"LOW 

Opt,lpnal 

-~-nat P.~r!_ ___________ _ 

•• 
~ 

W•lght ;' 

F
- R•port 

D•nsl tv Clio 1-c-• O.sign cod• no. I j 
·-------------------~;R_•_f_•_r_•_n_c_• __ c_o_d_• __ n_o_.~L~ PLrlo&o••• j~--~~---------+-~~~~~~~~-, 

- liJl W.l htr•c.co• 
at diHnslons 

"aur u_l __ !'•nsuv 
------- ~~craft 

Aircraft na•• 
Nullber of engines 
Aug no. seats 
-~ tst class seats 

I 
" short hau I seats 
Weight to fuel 

._!_!n• ~: i yj~----------------1 

F"uel cost Initial 11~ 

Char act• 
R•port 

------ _j 

/ Prlc• 
lruu- -~-

i R•port 
-,L-.,--

Progra• 1 .-"' 
GASC&T rL------~ ---.-ru•lcost. co• 

i F"lut / 

[
---- ------------_---------. -
In it i a! v••r . I 
v~_ar~~~t change "·------------

-~---~~~;,--;;;;:---- ________ __, Proj•ct ion1 

• vears spann•d ~~ ! 
•b•r of aircraft Progra• j _ _.- ..-
II tvp• 1 F"L TPR.JJ.- ., - F"l••t. co• 
11 vnr ; -< _ -----------~Aircraft nWl 
~~-------------~--------------~ ~------- No. •ngln•~l 

• Reports described in User "•nual Section 4 
•• XF"ILE records na•e.co• described In user "•nual Appendix I 

Unr Input 
RIAU irtd 

r
"iteriAI Code No. 
"aterlal Denslt\1 
"aterlal cost 

I 
I 

SEAT CUSHION DESIGN SYSTE" 
DATA F"LOW 

oouonal 

1 Product No. 
'supplier Code No. 
, D•nsit\1 •I til 
1 fire Retardant 
,unit cost chang•~ 
, Uolu•• cost 
Volu•• Cost 

'"Cost Change~vr 
1 Product Description 
I "ate,. ill Nalltt 

,-------, L---_,..--.J 

i ! Proera• : / 

supplle,. Code No. !Address Street 
Address Nalltt 1 Add,.ttllll Clt\1 

Address State 
!Address ~lp Code 
t Contact NIH 
,Phontt No. 

__.., ADDSuP ( 

--·---r 

'Seat 1 
I Dttlliln i 

Dutgn cild;"Hc.--:---t"Dor tws~aluu- Rttport , 
"ater i al Code 1 ILD test ualues -- -----1---..,----' 

•• 
.lS[.1.I.L 

each 1a11•,. ~change •fl cost~..,,. P,.og,.a• ' .---
"anufactu,.lng ' -• ADDSGN 1/ 
costs o,. facto,.• , ·• 

lit>- config,.•c.co• 
______ "ate,. Ia! na•• 

Rllftt,.ence code no. 
1 

________ J 
if f&cto,.s 

Seat! ife 
th,.n _ p_a,.t~- ____ __ --- ______ _! 

• Repo,.ts described In user "anual section • 
•• XF"ILE ,..cords na•e.co• desc,.lbttd In use,. "•nual Appendix I 

• 

• 
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DECISION CHART 
FOR SEAT DESIGN 

SYSTEM 

I IU liT! 

// 
/ 111'•11'1111 

T.\1' 

~tY 
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NO 

'" 

EXECUTE 
GASCST PROGAM 

NO 
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SEAT CUSHION DESIGN SYSTEM 

SEQUENCE OF EXECUTION 

FIGURE 3.1.2 

ADDil\ f!<O~~AM 

'MLUHL : Lct:Gr I X lliulrl ;; UL~Ih 
;U-rAll A•LA : 2 X !LENGTH X WiDTH I mJH X DEPTH I LLNGTH X DEPTI' 

GASlST PROGRAM 

COST HEW : COST OLD I ICO'iT OLD X mARLY iHCREASE!I00l 

LHS PROGRAM 

:.IJ~I AU AREA : I. d X ARlril + AREA 

. .c~:,H: : ,o;:Jl i '· ARLA 
~.Lll.JLI : U~li:J! I j ~ I)IJI.ltil 

ADu>GH 

EFfiCIENCY :fLUX RAIE I MDOT 
ADJUSTED ILD : ILD I !fACTOR X ILDI 

HDDIM PROGRAM 

VOLUME : LENGTH X WiDTH X DEPIH 
SURfACE AhlA : c X ILlHGIH 'WIDTH I WIDTH X DlPIH I LENGTH X DE' 

'.'JSI i'ILW : ·:•J',J IJLD I ICOSI ULU X WlARLY IHCREAS[/1~01 

LHo ~kOGkAM 

SURf ACE AREA : Uo X AREA I t ARlA 

WEIGHT : OlHS!l Y X AREA 

Wl!GHI : DlHSIIY X VOLUME 

.. 

• 

• 



• 
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AT!RIT ION 

OPTION 

.•. DIRECT INPUT 

.•• PROGRAM COtiPUTES 

RAIC ATIRITIONED : atVWEARJ + UNt:W AICIYEARJ - aAIC!YEAR+I 

n5£ATS : "HI( X CSEATS PER AIC 
itlfldlH•Il P.All: USlHTS ATTRITION[L'IiOlctL aS£AlS!YEARJ 

WSTI5£AI : S[AJ ARE~ X COST/UNIT AREA 
YEARLY COST : SEAT DEMAND X COST! SEA I 

IIAHifACTURING COSTS 

COSTISEAT : 3 X COSTICUSHION 
YEARLY COST : SEAT DEMND X COSTISEAT 

PROJECTIONS 

tOSHYR+I J : COSHYRJ X 11 - ~YEARLY COST CHANGEI!BIIl 

llAilRIAL COST SELECTION 

Y:ftX+B 
111m Y : 1 suts 

X : unit cost 

ISEATS rOR 1 IIIII COST BIIEAK<C!Ml I S£ATSl 

ISEATS or I IIIII ftTRL : UOl. COST/Ill& IIIIT COST - CIIAHGE IIIII COSTJ 

SLOI'E 

SLOPEiftl : CIWIGE I SEATS! CIWIGE lillY COST 

INTERCEPT 

INTERCEPTIIJ : -I SLOPE X I BASIC IIIIT COST - CHANGE Ill IT COSTJ l + 15£Ai 
lherr lseats : I SEATS Or I IIIII MTRL 

COIIPUIE UNII COST 

X : IY-8Jift 
IIIIT COST : IISEATS - INTERCEPTJISLOI'E 
lhrrr 1sr1ts : lsuts dtllnd 1 IUnits 11trru1 
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fUlL IMPA•: f 

INlTIAL COHDIIIOH IOLD SEATStn:ARI :ALL 
!11X 01 OLD ANI• ti.W 
. .. HQ klP\.AU "EH I OLO SEAlS 

MD :ilii~()[AR+Il : COLO SlAfSIYEARl X II-~AITRII10Hti88J 

:•.u :,t, '·•,,•\11: ~·lLD ~EHlit'IWJ X lHAIIRllliiHtlll81 
,; ''h Lift. li(lirl!iH~+IIIY~S LifE RE"AIN<YRII 

... liiill~u11~ I U'L~Ci.~(HI ''LD SlAIS 

.. • U!li<lSIHIC lEO 
IOLO SEAISIYR+IJ : HOllE 

... RlSTmlED BY PRODUCIIOH RATE 
IOLD SEATSIYR+Il : IOI.D SEATSIYRI • flAX ISEATS IYR 

IHEW SEATS : TOTAl ISEAIS • IOI.D SEATS 

SEAl WEIGHT : ISEAIS t WEIGHT/SEAT 
AVG WEIGHT : I I(IGHIIYEARI + lliGHTIYEAR+II I I Z 
GALLONS Of HJILtYEAR : WEIGHT X GAlLONS PER liiiT lliGHIIYEAR 
fUlL COS I : lj .LLUIIS X COST !GALLON 

SEAT OEM 

tHlllAL C.9!!PITIQ!! 

:z ' 
III!Sll i 

_ ... I 

I I 

z 
3 r 

.. l-··: 

13 : 
IW1 
I HISI.Lj 
i • ! • I 

' ·-·-- --~ 
I .. 

I 8 ISI,J 
REPLACE· NONE 

I ~-'~ll I ~~: 
GRADUAl 

(_Q~I.E 

III[R[: 

UlCTOR LENGIH : t:AXISllrSLZl 
Sll : SlAlllfE UI.D SlAl 
~Lt : :ilHILIFl I •. N SEqf 

' I 

-~ 
IMDIATE 

t: : rst:P ; ,if I:;~- •Ji kll &lSIGH llllkODUCIIOH 
hl ~ !!·< . .:IL;dll.l'i!UI 

!J~!;il,:; : 'it A rii 

tl.!l : :i U W il.nl' ~lli I 0 Hlll AIIICRAI I 

------------

.. 

.. 
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SEAT DEI1AND 

*********** 
It ATE: 6/::?1/82 

YEAR 
COACH SHORT HAUL 1ST CLASS 

A/C 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

78 

2-ENGINE: 
8·· 737 0 
[IC--9 0 
AJOO 0 
(4-757 0 
8··767 0 

TOTAL 0 

3--ENGINE: 
(f-727 0 
LIOII 0 
[IC-10 0 

TOTAL 0 

4--lNGINE: 
8-707 0 
B-720 0 
B-747 0 
DC-8 0 

TOTAL 0 

A/C 78 

2-·ENGINE: 

J9 

0 
0 
0 
0 
0 

0 

0 
0 
0 

80 

20 
II 

8 
0 
0 

39 

81 
10 
15 

0 106 

0 
0 
0 
0 

0 
0 
8 
0 

76842 
86966 
83587 
83848 
75084 
80654 
87390 
85009 
89404 
83319 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NEW AIRCRAFT DELIVERY TO U.S. AIR CARRifR FLEET 

*********************************************** AS OF DATE: J/17/82 

81 

15 
20 

0 
0 

40 

60 
0 

62 

0 
0 
2 
0 

82 

10 
10 

I 
0 
0 

21 

~0 

54 

0 
0 

83 

10 
20 

4 
0 

48 

82 

50 
4 

61 

0 
0 
0 
0 

0 

84 

10 
10 

5 
0 

42 

67 

50 
5 
5 

60 

0 
0 
2 
0 

85 

10 
10 
~ 

20 
45 

90 

40 
5 

50 

0 
0 
0 
0 

0 

86 

I 0 
10 

20 
10 

5'5 

30 
5 
0 

35 

0 
0 
4 
0 

87 

0 
10 

5 
20 
13 

48 

10 

0 

15 

0 

5 
0 

U, S. AIRCRAFT FLEET PROJECTIONS 

******************************** AS OF DATE: 4/ 9/82 

88 

0 
10 

5 
20 
11 

49 

0 
0 
0 

0 
0 
5 
0 

89 

0 
I 0 

5 
20 

7 

0 
0 
0 

0 

0 
0 
6 
0 

79 80 81 82 83 84 85 86 87 88 89 

B-737 135 156 152 160 162 166 171 177 177 177 177 177 
~C-9 369 365 370 389 390 404 414 421 423 423 423 425 
AJOO 7 7 15 20 21 25 30 35 40 45 50 55 
B-757 0 0 0 0 0 0 0 20 40 60 80 100 
B-767 0 0 0 0 0 48 90 135 145 158 172 179 

6680 
7558 
7264 
7285 
6523 
7009 
7594 
7387 
7768 
7240 

90 

0 
10 

20 
10 

15 

0 
0 
0 

0 
0 
6 
0 

90 

91 

0 
10 

20 
II 

46 

0 
0 

0 
0 

10 
0 

10 

91 

0 
10 

20 
12 

4/ 

0 
0 
0 

0 

0 
0 
8 
0 

177 177 177 
430 430 430 

60 65 70 
120 140 160 
189 200 212 

TOTAL 511 528 537 569 573 613 705 788 825 863 902 936 976 1012 104Y 

3-ENGINE: 
B-727 899 
LIOII 90 
[IC-10 132 

990 1042 1050 1059 1070 1084 1098 1095 1094 1093 1091 1090 1088 1086 
84 94 94 96 100 105 110 112 112 112 112 112 112 11~ 

140 149 151 151 158 160 162 162 162 162 162 162 162 162 

TOTAL 1121 1214 1285 1295 1306 1328 1349 1370 1369 1368 1367 IJ65 1364 1362 1360 

4-ENGINE: 
B-707 211 178 142 140 124 100 75 60 
B-720 9 6 0 0 0 0 0 0 
B-747 103 117 128 130 132 132 134 134 
DC-8 123 138 105 105 105 105 105 98 

60 60 
0 0 

138 143 
98 98 

60 
0 

144 
98 

0 
150 

98 

55 50 
0 0 

151 161 
98 96 

~jQ 

0 
163 

96 

TOTAL 446 439 375 375 361 337 311 292 296 301 302 303 304 307 309 
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FUEL COST PROJECTION IS/GALl DATE: 6/21/82 

81 

1.00 

91 

1.63 

**************************** 

82 

1.05 

92 

1o71 

83 84 85 86 87 

1.10 1.16 1.22 1.28 1.34 

93 94 95 

1.80 1.89 1.98 

(•ATE: 6/21182 

AIRCRAFT CHARACTER1lATION FilE .............................. 

88 89 90 

1o 41 1.48 1.55 

AVG 
NO. SEATS • 1ST CLASS 

ESTI"Al£0 
WUGHT TO 

SHORT HAUl FUEl SENSITJVITU 

2-ENGIN£ t 
1-137 109 
OC-t 128 
1\300 200 
1-7'57 .,. ,_,., 

208 

J-ENOJN£ l 
1-127 120 
l1011 325 
OC-10 315 

4-ENGINE: 
1-707 ••• 1-720 0 
1-747 45~ 

DC-8 "' * llddl\lonal ••llon• fuel con•u••d to carr'lil 
1 lb. of •xcass w•t•ht or, one a1r~lana for 

9,02 
10,00 
lS.OO 
13.00 
14.00 

17.54 
15.50 
15.37 

10,00 
o.oo 

17.75 
20.15 

SEAT CUSHION WEJGHT PER CUSHION Dct•: 6/21/82 

lACK 
LIS OLBS 

COACH: 
lo94 Oo30 

SHORT HAUL: 
1.94 0.30 

liT CLASSI 
2.12 o.n 

* DELTA WEIGHT 

••••••••••••••••••••••••••••••• 
SEAT CUSHION DESIGN NUMJI:ER: 009 

vs. 
SEAT DESIGN REFERENCE NU"JI:EFn 001 

BOTTOK HEADREST 
LBS OLIS L85 U8S 

3. 34 0 .. 24 l. 44 

•• 44 Ool2 

0.25 0.13 

£MD OF THE W£1 GHT REPORT 

SEAT CUSHION DIKENSIONS DATE: 6/2118:! 

••••••••••••••••••••••• COACH S£11\T: 

LENITH WIDTH OEPTH LENGTH WIDTH DEPTH LENGTH 

TOTAL 
LIS IllS 

0.66 

0.66 

], 41 o. 71 

WIDTH DEPTH 
lACK! lOTTO": HEII'IIDREST: 
CU.O X 20.0 X 2.0 JN) f20.0 X 22.0 X 4.0 IN) C lB ,O X a.o x :;.o IN• 
AR£11'11& 812.0 sa IN AREAl 12l6o0 SO IN AREA: 548.00 SO IN 
VOLUME I 720.0 CU IN VOLU"E: 1760.0 CU IN VOLUKE: 720,00 CU IN 

SHORT HAUL SEII'IIT: 

caa.o x 20.0 X 2.0 INI (20.0 )( 22.0 K 4o0 JN) cu.o )( B.O X S,O IN) 
AaEAI 872.0 SO IN AREAl 1216.0 SO IN AREA: 548.00 SO IN 
VOLUME I 720.0 CU IN VOLUME! 1760.0 CU IN VOLUKE: 720.00 CU IN 

liT CUSS SEAT: 

ua.o x 22.0 X 2.0 JN) (20,0 X 24.0 X 4.0 IN) ( 18,0 X 10.0 X 5.0 IN) ,.., .. 952.0 sa IN AREA: IJI2.o sa IN AREII\t 640.00 SO IN 
VOLUME I 792.0 CU IN VOLUME I 1920.0 CU IN VOLUME: 900,00 CU IN 

END Of SEII\T CUSHION DIMENSION REPORT 

.. 

.. 
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SEAT LAYER DESIGN REPORT 

************************ 
SEAT DESIGN NUHBER: 009 

LAYER NAHE CODE NO, * HANUFACTURER'S COST FACTORS 

A 
B 
c 
D 
E 
r 

WOOL/NYLON 
NORFAB AL 

NFR URETHANE 
NFR URETHANE 
NFR URETHANE 

005 
011 
-0-
-o-
-0-

BK 004 
BK 004 
HD 004 

-LABOR - FABRICATION 1.00 
-PLANNING 1.00 
- ASSEHBLY 1,00 
- INSPECTION 1.00 
-TOOLING 1.00 

- !IEVELOPHENT 
- DESIGN 

ENGINEERING 1.00 
- susT. 

ENGINEERING 1.00 * FIRE PERFORHANCE PARAMETERS - OVERHEAD 

ILD< BK l = 0 ILD( BTl = 0 ILD<HRl = 

2,5 fLUX: HOOT 0.69E-04 E 36231.88 
5.0 FLUX: HOOT 0.28E-03 E = 17857.14 
7.0 FLUXf HOOT 0.36E-03 E = 20833.33 

* LIFETIHE or A SEAT HEASURED IN NUHBER OF YEARS 
BOTTOH = 

SUPPLIER'S FILE 
*************** 

2.5 

SUPPLIER CODE: 5 

ADDRESS: AKATEX CORP 

BACK 

1032 STONABRIDGE ST, 
NORRISTOWN 

CONTACT I 
PHONE: 

f'A 
19404 

5.0 

SEAT CUSHION LAYER MATERIAL 
*************************** 

HEADREST 

MATERIAL CODE NUMBER: 011 
PRODUCT NO, : NORFAB llHT-26-AL 

MATERIAL HAKE: NORFAB AL 

- TOOLING 1.00 
- HISC. 1.00 

APPLY TO !IESIGNt 001 
HFG X/YR INCREASE o. 

= s.o 

DESCRIPTION : NORFAB FABRIC• WEAVE STRUCTURE lXl PLAIN 
ALUMINIZED ONE SIDE, 25%NOKEX/5%KYNEL 

SUPPLIER'S NUKBERI 5 
DENSITY: 0,082 LB/FT2 OR FT3 
DENSITY FIRE RETARDANT FOAKl 0.000 LB/FT2 OR FTJ 

COST: $ 2.090/FT2 OR FT3 
YEARLY COST INCREASE: 0% 
UNIT COST CHANGE/VOL. COST: $ 0,000/$ o. 

END OF SEAT CUSHION MATERIAL REPORT 
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SEAT CUSHION RAW 11~TERIALS COST '82 ................................... 

BOTTOI1 HEADREST 
COST DCOST COST DCOST 

--------------
TOTAL 
COST DCOST -------------- --------------

CO~H: 

38.17 1~1. 53 42.71 28.69 

SHORT HAUL: 
38.17 t•.sa 42.71 28.69 

1ST CLASS: 
32.95 15.97 46.18 22.3. 

• Delta cost is c•lculated •ith respect to 
Reference Sen cusnion eat cost. 

19.19 9.29 92.87 

19.t9 9.28 92.87 

22 .• 6 18.98 181.51 

SEAT CUSHION MANUfACTURING COST '82 
*********************************** 

Se•t DRsign Nu•ber: ee9 Due: 6.122/82 
Reference DRsign Humber: ee1 

DESIGN REfER. 
• ee9 DESIGN 

LABOR 15. 15. 

DEVELOPMENT 6. 6. 

OVERHEAD 6. 6. 

TOTAL 27. 27. 

•Note: Cost to •anuf•cture assumed •••• for 
Co•ch. Short H•ul •nd 1st Class. and 
Back, BottoM and Headrest cushions. 

44.58 

••.sa 

., ... 

DELTA 

e. 

e. 

e. 

e. 

Costs for stud\1 design e09 DATE: 6.122.182 

RAW MATERIAL AND MANUfACTURING COSTS 
************************************ METHOD: 

COACH SHORT HAUL 1ST CLASS 
YEAR RH MfG RM MfG RM MfG TOT RM TOT MfG 

--------------- --------------- ---------------
1982 11184. 9839. Ill. a. 111172. 856. 12256. 1e69.ol. 

1983 11993. 1111551. e. a. 115111. 917. 13143. 11468. 

198-4 11S72. 1e1BB. e. B. 11e9. 885. 12681. 11e66. 

1985 12337. 1111853. e. a. 1183. 944. 13519. 11797. 

1986 12339. 1111855. e. B. 1183. 944. 13522. 11799. 

1987 11884. 1e455. e. a. 1139. 9e9. 13e23. 1136-4. 

1988 12779. 11242. a. e. 1225. 978. uee4. 1222e. 

1989 12838. 11294. e. a. 1231. 982. ue68. 12276. 

199111 12541. 1111132. e. B. 12e2. 959. 13743. 11992. 

1991 13558. 11927. e. a. 13Be. 111137. 14858. 12965. 

•costs in thousands of doll•rs 

.. 

• 
GRAD 

TOTAL " 
2295e. 

2-4611. 

237-47. 

25316. 

2532e. 

2-4381. 

2622-4. 

263-4-4. 

25735. 

27822. 
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WEIGHT AND FUEL IMPACT 
********************** 

DRsign no. BB9 Date: 6/22/82 
Year Weight Gallons Cost 

1982 48291. 745. 782. 

1983 143B9B. 22B9. 2o435. 

198o4 233793. 36B4. 4172. 

1985 28B96B. o4323. 525o4. 

1986 287B51. 4411. 563B. 

1987 292742. o4492. 6B2B. 

1988 297981. 4568. 6428. 

1989 3B3155. 4642. 6858. 

199B 3B9B12. 4728. 7334. 

1991 3149B6. 4815. 7843. 

•seat de.aand biiSIPd on GRAD IIRthoa. 
*DR Ita cost IIIith rRSpRCt to reference aesign 
•costs in thousanas of dollars. 
•Gallons in thousands of gallons. 

COST SUMMARY REPORT 
******************* 

BB1 

VONAR3 NORFAB NORFAB LIGHT 
CODE~ BB1 CODE~ BB2 CODE~ BB9 CODEN B12 CODE• BB9 

METHOD 
SEATLIFE 

COST TO FLYC1986) 

COST TO BUYC1986) 
MATERIAL 
MANUFACTURING 

TOTAL COSTSC1986) 

DELTA COST-FLYC1986l 

DELTA COST-BUYC1986) 

DELTA COSTSC1986) 

GRAD 
3 YRS 

51566. 

6986. 
11799. 

7B351. 

Ill. 

B. 

B. 

GRAD 
3 YRS 

84139. 

7634. 
11799. 

1B3571. 

32572. 

648. 

3322B. 

GRAD 
3 YRS 

S7196. 

13522. 
11799. 

82516. 

563111. 

6536. 

12166. 

GRAD 
3 YRS 

5BB89. 

13312. 
11799. 

752BIII. 

-1477. 

6326. 

o48o49. 

GRAD 
3 YRS 

57196. 

13522. 
11799. 

82516. 

563111. 

6536. 

12166. 
--------------------------------------------------------

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

72621. 
e. 

•costs in thousands of dollars. 

193791. 
31179. 

84413. 
11792. 

77544. 
4923. 

84o413. 
11792. 



"ETHOD 
SEATLIF"£ 

COST TO ,-LYU9N) 

COlT TO IUV (1986 l 
MTERlAL 
MNUF"ACTURlNG 

TOTAL COSTSC1986l 

DELTA COST-rLVU986l 

DELTA COST-8UVU986) 

AVG•O OVER PROJ'£CTION: 
TOTAL COSTS 
DELTA COSTS 

1JL 

COST SUMARV 11£1'0RT 

••••••••••••••••••• 
U0-1 NOIIrllla NOIIrM LlGHT 

cooEa "' coon HZ coon an cooEa a12 coon eat 

GIIIID 
3 VRS 

GRIID 
3 ..... 

GRillO 
3 VRS 

GRIID 
3 YRS --------------------------------------------------------

SISU. •• 139. 57tH. 5H89. 51566. 

6986. 763 •• 13312. 13312. 6,.6. 
l1799. l1799. 11799. 11799. l17,. 

7835l. 18357l. 82387. 75288. 78351. .. 32572. 5638. -1•??. 8 • .. 6 ••• 6326. 6326. . . .. 33228. U9S6. 4.4 •• .. --------------------------------------------------------
?2621. 

8. 
183?91. 
3l178. 

84284. 
l1583. 

?2621. .. 
•costs in tt'lousanas of dollars. 

"ETHOD 
SEATLIF'£ 

COST TO F'LVU981) 

COST TO IUYU986l 
MTERlAL 
MNUF'ACTURING 

TOTIIIL COSTSU986) 

DELTII COST-rLYC1986l 

DELTIII COST-8UVU986) 

DELTA COITSU9M) 

AVG•D OVER PROJ'ECTION: 
TOTAL COSTS 
DELTII COSTS 

COST SU-V REPORT ··················· 
UONM3 NOR,-M NORF'A. LIGHT 

coon •1 coon 8a2 coDE• 889 coou a12 coon aaz 

GIIIID 
3 YRS 

GRIID 
3 VIliS 

GRAD 
3 VRS 

GRIID 
3 YIIIS 

GRIID 
3 ..... --------------------------------------------------------

51SU. •• 139. 571H. 5-9. 84139. 

&986. 763 •• 13312. 13312. 76U. 
l1799. l17,. ll?,. ll?,. ll?,. 

?e3st. 183571. 82387. 7S2H. 1e3S?1. .. 32572 • 5638. -1•77. 32572. .. 6 ••• 6326. U26. ... .. .. 33228. 11956. ••••• 33228. --------------------------------------------------------
?2621. .. 18371l. 

ll178 • 
a.2a.. 
11583. 

183?91. 
31178. 

•Costl in tt'lous•nds of dollars. 

"ETHOD 
SEATLI,.£ 

COST TO F'LVU986) 

COST TO IU'fct986) 
MTERlAL 
MHUF"IIlCTURlNG 

TOTAL COSTSCl986) 

DELTA COST-rLYUI86l 

DELTA COST-MJVU986) 

DELTA COSTS( 1986) 

AVG•D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUIIMRV REPORT ................... 
U0-3 -rM -rillS LlGHT 

CODEa HI CODn aaz CODEa 889 CODES 812 CODES 881 

GIIIID 
3 VlltS 

GRIID 
3 ..... 

GRIID 
I YRS 

GIIOIID 
3YRS 

8RIID 
3 ..... --------------------------------------------------------

51566. ••t39. 571H. 5H89. 7.758. 

6986. 76U. 13312. 13112. 7278. 
1179!11. ll?S9. 11799. 1179t. 117,. 

7835l. 18357l. azaa?. 75288. ···"· .. 32572 • s&•. -1.77. 2ua•. .. .. .. 6326 • 6126. n•. .. 33228 . 11956. .... ,. n•••· --------------------------------------------------------
72621. .. 183791. 

311?8. 
775 ••. 

•923 . 
•• 638. 
zz••· 

•Costs in tt'lous•nds of dollars. 



' 

.. 

COST TO IUV1l9HI 
MTERIM. 
MMUrACTURING 

TOTAL COSTSil9HI 

DELTA COST-rLVIl9H> 

DELTA COST-.. YU9M) 

DELTA COSTSC19MJ 
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I:OST ..-v IIO'OIIT ................. _ 
-· -rM -M LIGHT 

COK8 Ml CODES - COIIE8 - COK8 8ll COKR ... 

..... D 
• VIIS 

GMD 
I VIIS 

....... 
• vn 

-D 
• VIIS --------------------------------------------------------

SlSU. 8•0119. STl96. S-9. l&M?9. 

·-· T&a•. llllZ. lllllZ. TlH. 
llT99. llT99. ll799. llT99. llT99. 

78851. lSISTl. MIST. 7SZM. lSZSlS. .. 3ZS7Z. , .... -l•TT. lllSll. .. .... na. uzs . lSI. .. nzze. U9H. ••• 9. lllMS • --------------------------------------------------------
AUG'D OVER PROJ£CTIOM: 
TOTM. COST& 
DELTA COSTS 

TI&Zl. .. lTTZTI. 
lU&SZ • 

•costs ln thousands of •ollars. 

METHOD 
SEATLIF'E 

COST TO IUVIl9HI 
MTERIM. 
MNurACTURING 

TOTAL COSTS< 1,86J 

COST ..-v REPORT ................... 
U0-31 -rA• MORrAl LIGHT 

CODER Ml CODER SR CODEa H9 CODEa SlZ CODEa 885 

.. AD 
I VRS 

OMD 
3 VIIS 

llltAD 
• vn 

.. AD 
31 VIIS 

OMO 
I VIIS --------------------------------------------------------

Sl5&&. •• 119. STlH. ·-9. .. •• 6 • 

&9H. 7&31 •• l313lZ. UllZ. u•n. 
llT99 .. ll799. ll799. llT,. llT99. 

783Sl. lUSTl. 82397. TASS. 99&97. 

DELTA COST-rLVIl9HI 

DELTA COST-IUVIl9HI 

.. .. 3ZS7Z. sue. 
649. 6326. 

-ln7. usn. 

63Z&. 6467. 

DELTA COSTSU9tt6J .. .. , ... ll9S6 • ..49. 1n•T . ------------------------------------------..... ------------
AVG'D OUI:R NOJECTIOM: 
TOTM. COSTS 
DELTA COSTS 

METHOD 
SE,.TLIF'I: 

COST TO F'LYU986) 

COST TO IUVIltHI 
MTERIAL 
MNUF'ACTU.INO 

TOTAL COSTSct9M, 

DELTA COST-rLVII11861 

P£1 fA ("0Sf-MJVCI'J86~ 

Ill I I fl t tl'ol1~ t I ...... ~ 1 

AVG"D OVUI PROJ[CT ION: 
TOTAL COSTS 
DELTA COSTS 

726Zl. .. 

COST &UMMRV REPORT ................... 

7754 •• 
4921. 

UONM3 NOftF'III8 NCMIF'A8 LIGHT 

HHl. 
l759l. 

CODE• •1 CODU HZ CODE• en CODU 912 CODE• SH ---------................................ ----- ... -------- .. --------------------- .... -
OIIAD GII"'D GIIAD OIIAD GRAD 

3 VIIS 3 VIIS 3 YIIS 3 VIIS J VIIS --------------------------------------------------- ... --- ... 
SlSU. 

••••• ll7911. 

793151. .. .. 
• 

7Z6Zl. .. 

..139. 

753 •• 
ll7,. 

lSJS?l. 

3ZS7Z. 

.-. ... 
, ........ 

tel79a. 
3117 •• 

S?lH. 

llllZ. 
llTH. 

92397. . .... 
632 •. .. .. ~ .. 

, .... 
llllZ. 
ll7911. 

?SliM. 

-1477. 

6:126. 

.. .... 
7754 •. 

4923. 

13829. 

liZSS. 
llT99. .. •.. 
lZZU. 

6269. 

IM"UI. 

H36Z. 
1n•z. 



"ETHOD 
SEATLJF'E 

COST TO IUV ( 1986) 
MTEIUAL 
MHUf" .. CTUIIIHG 

TOT"L COSTBU9116l 

DELTA COST-rLY<1986l 

DELT" COBT-IUYU986l 

DELTA COSTS(1986) 

AVG'D OUEit I'ROJECTIOH: 
TOTAL COSTS 
DELTA COSTS 
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COST SUMMRY REPORT ................... 
VOHAII3 HORr"l HORrlll LIGHT 

CODE• H1 CODE• HZ CODU 119 CODU 812 CODU 88? 

GII"'D 
3 YltB 

GR"D 
3 YRB 

GR"D 
3 YRS 

GR"'D 
3 VRS 

GMD 
3 Yltl -----·- ____ ._ ---------------------------------------------

51566. U139. 571.96. 5HI9. S9H5. 

6916. 763 •• 1.331.2. 13312. az•9•. 
11799. 11?99. 11?99. 11?99. 11799. 

?8351. 1835?1. 8238?. ?5288. 8•898. .. 325?2 • 5638. -1..77. 8239. .. 6 ••• 6326. &326. 5519. .. 33211 • 11956. ••••• 1.374'7. 
----------------------- .. --------------------------------

?2621. .. 113?91. 
311?8 • 

.,.,.. 
13213. 

•Costs in tt1ous1nds of do I Iars. 

"ETHOD 
SEIITLirE 

COST TO F'LVC1916> 

COST TO atV ( I 986 > 
MTERIAL 
MHUf"ACTURIHG 

TOTAL COSTSU986> 

DELTA COIT-F'LVU9M) 

DELTA COST-aJVU986> 

DELTA COSTSU9e&> 

AUG'D OVER PRO.JECTJOH: 
TOT"'L COlTS 
DELTA COlTS 

COST SUMMRY REPORT ................... 
UONM3 NOIIF'A. NORFA. LIGHT 

CODU H1 CODU 812 CODU 889 CODU 112 CODU -

ORAD 
3 YRS 

GRAD 
3 YRS 

GRAD 
3 YlltS 

ORAD 
3 YRS ------------ ...... ------------------------------------------

51555. 84139. 5'7196. 5H89. '77586. 

6986. '7634. 13312. 13312. 7691. 
11?99. 11?99. 11799. 11?99. 11?99. 

7e:Jsa. 183571. 82387. ?5218. 96995. 

8. 325?2. 5638. -1477. 259 ••• .. 6.8. 6326. 6326. 785. 

8. 332Ze. 11956. 4849. 26&45. -------------------- .. -------------- ... --------------------
72621. .. 183791. 

31178. 
9?632. 
25812. 

•Costs in tnousands of do liars. 

COST TO rLYU9116l 

COST TO IUY U 986 l 
MTERIAL 
MHUf".,CTURIHG 

TOTAL COSTSU9N> 

DELTA COST-f'LYU9M) 

DELT" COST-IUYU9116l 

DELTA COSTSU986) 

AUG'D OUER PROJ'ECTJON: 
TOT"L COSTS 
DELTA COSTS 

COST SUMMRY REPORT ................... 
UOHAII3 HORrAI HORr .. a LIGHT 

CODU H1 CODU 882 CODU 119 CODO 112 CODO 88' 

Glt"'D 
3 YRS 

GRAD 
3 YRS 

GRAD 
3 YRS 

Glt"D 
3 YRS 

GR"'D 
3 ..... ------------ -- ------------------------------------------

51566. ..139. 57196. 5H89. 5?196. 

••••• ?6U. 13312. 13112. 13312. 
11?99. 11?99. 11?,. 11?99. 11?99. 

?8151. 1815?1. 1218?. 75288. 1288?. .. 325'72. 5631. -1.7'7. 5631. .. • ••• 6326. 6326. 632&. .. 33221. 11956. 4849. 11956. ------------------------------------------------------ ... -
?2621. .. 183791. 

311?8. 
84284. 
11583. 

•Casts in \housands of dollars. 

t. 

.. 



.. 

I'IETHOD 
SEATLJfE 

COST TO F'"LYU986l 

COST TO 8UYU986) 
I'IATERIAL 
MNUF'ACTURJNG 

TOTAL COSTS<1986J 

DELTA COST-F"LYU986) 

DELTA COST-BUY ( 1986) 

DELTA COSTS( 1986) 

AUG'D OUER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST SUHIIARV REPORT ··················· 
VONAR3 HOAfA8 HORF'AB LIGHT 

COD£1 881 COD£1 882 COD£1 889 COD£1 812 COD£1 818 

ORAD 
3 YRS 

51566. 

6986. 
11799. 

78351. .. 
8. 

8. 

GRAD 
3 YRS 

84139. 

7634. 
11799. 

183571. 

32572 • 

648. 

33228. 

GRAD 
3 YRS 

57196. 

13312. 
11799. 

82387. 

5638. 

6326. 

11956. 

GRAD 
3 YRS 

58889. 

13312. 
11799. 

75288. 

-1477. 

6326. 

4849. 

GRAD 
3 YRS 

137829. 

8167. 
11799. 

156995. 

85463. 

1182. 

86645. 

------------------------------------------------------

72621. 
8. 

183791. 
31178. 

84284. 
11583. 

77544. 
4923. 

153888. 
81267. 

•Costs i.n thousands of dollArS. 

"ETHOD 
SEATLifE 

COST TO fLYU986) 

COST TO 8UVC1986l 
I'IATERIAL 
rtANUF'ACTURJHG 

TOTAL COST$(1986) 

DELTA COST-f"LY<1986) 

DELTA COST-8UYU986l 

DELTA COSTSC1986) 

AUG•D OVER PRO.JECTION: 
TOTAL COSTS 
DELTA COSTS 

I'I[THOD 
SEATLIF'E 

COST TO F'LYU986) 

COST TO BUV <191116 l 
IIATERIAI. 
ptANUf'ACTURING 

TOTAL COSTS C 1986 l 

DELTA COST-F'LYU986l 

DELTA COST-8UYU986l 

DELTA COSTSU986) 

COST SUHIIARV REPORT ··················· 
UONAR3 NORF'AB NORF'A8 LIGHT 

COD£1 881 COD£1 882 COD£1 889 COD£1 812 CODEI 811 

ORAD 
3 YRS 

51566. 

6986. 
11799. 

78351. .. .. 
8. 

GRAD 
3 VltS 

84139. 

7634. 
11799. 

183571. 

32572 • 

648 • 

33228. 

GRAD 
3 VRS 

57196. 

13312. 
11799. 

82387. 

5638. 

6326. 

11956. 

GRAD 
3 VRS 

58889. 

13312. 
11799. 

75288. 

-1477. 

6326. 

4849. 

GRAD 
3 VRS 

37536. 

223911. 
11799. 

71731. 

-14838. 

15418. 

1381. --------------------------------------------------------
72621. 

8. 
183791. 
31178. 

84284. 
11583 • 

COST SUHHARV REPORT ................... 

77544. 
4923. 

UONM3 NORFAI NORFAB LIGHT 

74838. 
2217. 

CODEa •1 CODEa 882 CODEa 889 CODEa 812 CODEa 112 

ORAD 
3 VRI 

51566. 

6986. 
11799. 

78351. .. 
8. 

8. 

GRAD 
3 VRB 

84139. 

71534. 
11799. 

183571. 

32572 • 

648. 

33228. 

GRAD 
3 VRS 

57196. 

13312. 
11799. 

82387. 

5638. 

6326. 

11956. 

ORAD 
3 YRS 

58889, 

13312. 
11799. 

75Zee. 

-1477. 

15326. 

4849. 

GRAD 
3 VIti 

5 •• ,. 

13311Z. 
11799. 

75281. 

-1477. 

53U. 

4849. --------------------------------------------------------
AvG•D OVER PROJECTION: 
TOTAL COSTS 
D£L. TA COSTS 

72&21. 
8. 

•costs •n tnous•nds of do II ars. 

183791. 
31178. 

77544, 
4923. 



"ETHOO 
SEATLIFE 

COST TO f"LYU986J 

COST TO BUY<1986J 
MTERIAL 
,_HUf"ACTURIHG 

TOTAL COSTS C 1986 J 

DELTA COST-F"l .. YU9B6J 

DELTA COST-8UYU9B6J 

DELTA COSTSU986J 

AUG' D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST SUHHARV REPORT ................... 
VONAR3 NORf"AB HORFAB LIGHT 

COD£1 881 COD£1 882 COD£1 889 COD£1 812 CODEI 882 

GRAD 
3 VRS 

51566. 

6986. 
11799. 

783'51. .. 
8. 

8. 

HORP 
3 YRS 

59418. 

7147. 
11798. 

783'56. 

7844. 

161. 

8885. 

HORP 
3 VRS 

52922. 

8568. 
11798. 

73281. 

1356 . 

1574. 

2938. 

HORP 
3 YRS 

51211. 

8568. 
11798. 

71569. 

-356. 

1574. 

1219. 

HORP 
3 YRS 

59418. 

11.7. 
11798. 

78356. 

7844. 

161. 

8885. --------------------------------------------------------
72621. 

8. 
88961. 
n•8. 

75543. 
2922. 

7375?. 
1136. 

88961. 
83•8. 

•Costs in thousands of dollars. 

"ETHOD 
SEATLirE 

COST TO f"LY(1986l 

COST TO BUY<1986J 
ttATERIAL 
~HUf"ACTURIHG 

TOTAL COST$(1986) 

DELTA COST -rL Y ( 1986) 

DELTA COST-BUY(1986J 

DELTA COSTS<1986J 

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUHHARV REPORT ··················· 
UONAR3 NORF'AB NORf"AB LIGHT 

CODEI 881 CODEW 882 CODE• 889 CODEI 812 CODEI 883 

GRAD 
3 YRS 

51566. 

6986. 
11799. 

78351. 

8. 

8. 

8. 

HORP 
3 YRS 

59418. 

7147. 
11798-

78356. 

7844. 

161. 

8885. 

NORP 
3 YRS 

52922. 

8568. 
11798. 

73281. 

1356. 

1574. 

2938. 

HORP 
3 YRS 

51211. 

8568. 
11798. 

?1569. 

-356. 

1574. 

1219. 

HORP 
3 VIIS 

57U9. 

?856. 
11798. 

76884. 

5583. 

78. 

5653. 
--------------------------------------------------------

72621. 
8. 

88961. 
8348. 

75543. 
2922. 

73757. 
1136. 

78515. 
58U. 

•costs in thousands of dollArs. 

METHOD 
SEATLif"E 

COST TO f"LY(1986> 

COST TO 8UV <1986 l 
MTERIAL 
ttANUf"ACTURIHG 

TOTAL COSTS<1986J 

DELTA COST-f'LY<19B6J 

DELTA COST-8UYl1986J 

DELTA COSTSU986J 

AUG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUHHARV REPORT ................... 
VOHAR3 HOR~AB HOR~AB LIGHT 

COD£1 881 CODEI 882 CODEI 889 COD£1 112 COD£1 88• 

GRAD 
3 YR& 

51'566. 

6986. 
11799. 

783'51. 

a. 

8. 

8. 

NORP 
3 YRS 

'59418. 

7147. 
11 ?98. 

78356. 

?944. 

161. 

8885. 

HORP 
3 YRS 

52922. 

85&8. 
11798. 

73281. 

1356. 

1574. 

2938. 

HORP 
3 VRS 

51211. 

85&8. 
11798. 

71569. 

-356. 

1574. 

1219. 

HORP 
3 YRS 

78421. 

71123. 
11798. 

97243. 

26855. 

37. 

26892. 
--------------------------------------------------------

72621. 
a. 

88961. 
83418. 

7'5543. 
2922. 

73757. 
1136. 

188&83. 
281163. 

•Costs •n thousAnds of dollars. 



, 

ttETHOD 
SEATLI,.E 

COST TO ,.LYU986J 

COST TO BUY ( 1986) 
ttATERIAL 
ttAHU,.ACTURIHG 

TOTAL COSTSU986) 

DELTA COST -f"L Y ( 1986) 

DELTA COST-BUYC1986J 

DELTA COSTS ( 1986) 

AUG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST SUI111ARY REPORT 

······~············ 
\IONAR3 NORrAB NORrAB LIGHT 

CODEI 881 CODEI 882 COD£1 889 CODEI 812 CODE• 885 

GRAD 
3 YRS 

51566. 

6986. 
11?99. 

78351. 

e. 

e. 

e. 

t~ORP 

3 YRS 

594Ull. 

7147. 
11798. 

78356. 

7844. 

161. 

sees. 

HORP 
3 YRS 

52922. 

8568. 
11799. 

73281. 

1356. 

1574. 

2938. 

NORP 
3 YRS 

51211. 

8568. 
11798. 

71569. 

-356. 

1574. 

1219. 

HORP 
3 YRS 

54427. 

9596. 
11798. 

74921. 

2861. 

1618. 

4478. 
--------------------------------------------------------

72621. 
e. 

88961. 
834e. 

75543. 
2922. 

73757. 
1136. 

77147. 
4527. 

•Costs 1 n thoUI.t.nds of do II irs:. 

ttETHOD 
SEATLJ,.E 

COST TO rLYC1986J 

COST TO BUY C 1986 > 
MATERIAL 
1'1AHUrACTURIHG 

TOTAL COSTSC1986J 

DELTA COST-rLY ( 1 gas) 

DELTA COST-8UYC1g&6> 

DELTA COSTS<1986> 

AUG • D OUER PROJECT I ON: 
TOTAL COSTS 
DELTA COSTS 

COST SUHHARY REPORT ...................... 
UOHAR3 HORfAB HORF"AD LIGHT 

CODEI 881 CODEI 882 CODEI 889 CODEI i!H2 CODEI 886 ----- ,_ __ ------------------------------------------------
GRAD 

3 YRS 
HORP 

3 YRS 
HQRP 

3 YRS 
HORP 

3 YRS 
HORP 

3 YRS 

--------------------------------------------------------
51566. 5g411. s2gzz. 51211. 54519. 

6986. 7147. 856e. 8568. 8546. 

11799. 11798. 11799. 11798. 11798. 

78351. 78356. 73281. 71569. 74864. 

e. 7844. 1356. -356. 2953. 

e. 161- 1574. 1574. 1568. 

e. seas. 2938. 1219. 4513. 

--------------------------------------------------------

72621. 
e. 

88961. 
B34e. 

75543. 
2922. 

73757. 
1136. 

77196. 
•576. 

•Costs in thous.t.nds of doll.t.rs. 

METHOD 
SEATLJF"E 

COST TO f"LYC1986) 

COST TO BUY ( 1996 J 
"ATERIAL 
MHUF"ACTURING 

TOTAL COSTS ( 1996 > 

DELTA COST-f'LV ( 1996 J 

DELTA COST-IUYU996J 

DELTA COSTS( 1986> 

AUG' D OUER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUMMARY REPORT ..................... 
UOHAR3 HORrAB NORF"AB LIGHT 

CODEI 881 CODEa 882 CODEa 809 CODEa 812 CODEI 887 

GRAD 
3 YRS 

51566. 

6986. 
11799. 

78351. 

e. 

e. 

e. 

HORP 
~ YRS 

59410. 

7147. 
11798. 

78356. 

7844. 

161. 

sees. 

NORP 
3 YRS 

52922. 

9568. 
11798. 

73281. 

1356, 

1574. 

2938. 

HORP 
3 YRS 

51211. 

956e. 
11799. 

71569. 

-356. 

1574. 

1219. 

HORP 
3 YRS 

53558. 

8357. 
11798. 

73786. 

tge•. 

1371. 

3355. 
-------------- ------------------------------------------

72621. 
e. 

811961. 
834~. 

75543. 
2922. 

73757. 
1136. 

7688 •• 
3383. 

•Costs ln tnous•nds of dol hrs. 



HETHOD 
SEATLJF'E 

COST TO f"LVI1!11116l 

COST TO IUV 111116 l 
""TERIM. 
""NUF"ACTURIHG 

TOTAL COSTS ( 1981) 

DELTA COBT-f"LVIl!llll6l 

DELTA COST-IUVIl9116l 

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST TO aJYC 1986) 
IIATERIM. 
IIANUf"ACTURING 

TOT"ll COSTS( 19M) 

DELTA COST-1'LYC1,_) 

DELTA COSTSC19N) 

AUG•D OVER PROJ'ECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST -V REPOIIT ........•.......... 
-3 NOIIf"AI NOitf"AI LIGHT 

CODEa .. , CODU- CODU 11!11 CODEa liZ CODU -

CIIIAD 
3 VRI 

,._ 
3 VRB 

NOll" 
3 VIIS 

NOR" 
3 VIti 

NOIIP 
3 vas --------------------------------------------------------

SISS6. S!ll4tl. S2!1122. SlZll. S?IU. 

6HS. 7147. -· 8561. ?lSI. 
ll?ft, ll?91. 11?!111. 117ft. tt?H. 

?13St. ?US&. ?31211. ?IS&!II. 76772. 

I. 7144. 1356. -3S6. 624?. 

I. 161. 1574. tS74. t?S. .. ISIS • ZIM. tZI!II. uzz. --------------------------------------------------------
?Z&Zt. 

I. 
IIMt. 

8341. 
?SS43. 
znz. 

COlT -'I' KPOIIT ................... 

?3l?S7. 
1136. 

UONM3 -f"AI -f"AI LIGHT 
CODU Ill COD£a HZ COD£a H!ll CODEa ltZ CODU -

-D 
3VItl 

NOll" 
ll VRI -:t VIti 

NOR .. 
3 VIII --------------------------------------------------------

StSS&. 5941 •. snz2. S1Z11. snzz. 

~-. 71.7. ISM. 8561. 15&1. 
ll7,, tt791. una. ll?ll. ll?ll. 

713St. 7ena. 732et. 715&9. 731211. .. ?144. US&. -35&. US& • .. 161. tS?4. 15?4. lS74. .. ... s. 2!1131 • lZI!II. Z!lllll. ----- .. --------------------------------------------------
72621. .. 81961. 

8341 • 
755.3. 
2922. 

717S?. 
113&. 

•costs in thousands of do 11 ars. 

METHOD 
SI:ATl.IF'E 

COST TO IUV 11116 l 
IIATERIM. 
IIANUF"ACTURIHO 

TOTAL COSTSil!lll&l 

DELTA COIT-F'LV(1986) 

DELTA COST-IUVU9116l 

AVG'D OVER l'ti03ECTION: 
TOTAL COlTS 
DELTA COSTS 

COST -ltV IIEPOIIT ................... 
UONM:I -f"AI NOIIf'AI LIGHT 

CODU ... CODEa - coD£a HI COKa llZ COKa Ill 
---;;;-------~;;;;-------;;;---------------~;;-----

• VIII I VIIS 3 VIti :t VRS :t VIII ---------------.. ----------------------------------------
StS6&. S!ll4ll. 52!1122. SIZII. IZ:t?l4. 

~-· 
7147. ISM. ... 1. ?ZH . 

117,. 11791. 11711. 117!111. 11711. 

?l:tSt. 78356. 7:tZII. 715&1. 14Z?!IIZ. .. 7144 • t:ts&. -au. ZIHt. .. 16l • tS?4. lS?4, 2!114. 

1. IBIS. 2!1131. 1211. ZII?S. ---------------------------------------·-----------------
?ZUI. 

I. 
liM I. 

13141. 
?SS4ll. 

2922. 
?li?S?, 

atM. 

•cost• in U\ou•ands of dOllars. 



.. 

"ETHOD 
SEATLI~E 

COST TO FLYUIN) 

COST TO IUVU!JB&I 
IMTERIM. 
IMHUf"ACTURING 

TOTAL COSTSU,_) 

DELTA COST-F"LYU9H) 

DELTA COST-IUVct9861 

DELTA COST$(1986) 

COST -RV REPORT ................... 
U0-1 NOit~... -~~~· LIGHT 

CODER .. , CODU HZ CODU 88" CODER 811 CODU 811 

NOIP 
3VR8 

NORP 
3 VRS --------------------------------------------------------

SIS&&. SUI8. sn12. Sl2ll. 48188. 

••8&. 7147. 85H. 8568. 18812. 
117 ... 11798. ll7W. 11798. 117 ••• 

783151. 78H6. 71281. 71569. 78 .. 8. 

8. 7844. us&. -as&. -3379. 

8. 161. IS74. 1574. 3816. 

8. ... s. 2U8. 1119. 457. --------------------------------------------------------
AVG•o OVER PRO.IECTtON: 
TOTAL COSTS 
DELTA COSTS 

72&11. 
8. 

88961. 
8348. 

75543. 
2912. 

737S7. 
1136. 

717&7. 
147. 

•Casts 1n thousAnds of dollArs . 

"£THOD 
SEATLlf"E 

COST TO F"LYU986) 

COST TO IUV <1 986 I 
MTERIM. 
MNUf'ACTURING 

TOTAL COSTSU986) 

DELTA COST-F'LYU986) 

DELTA C0ST-.... Y(1986) 

DELT" COSTSU!JHI 

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SU-RV REPORT ................... 
UONM3 N01t~A8 NOit~A8 LIGHT 

CODER .. , CODU 882 CODU 88!J CODU 811 CODER 811 

NOitl' 
3 YRS 

NOM' 
3 YRS 

NORI' 
3 YRS 

NOitl' 
31 VRS 

--------------------------------------------------------
SIS&&. 59418. S29ZI. 51211. Sllll. 

&986. 7147. 8SH. 115&8. 85&8. 
11799. 11798. U7W. U7!J8. U7!J8. 

78351. 78356. 73281. 715&9. 71S&!J. .. 7844 • 1356. -35&. -35&. 

8. 161. 1574. IS74. 1574. 

8. ... s. 2138 • lll!J. lll!J. --------------------------------------------------------
72621. 

8. 
88!1&1. 

8348. 
7SS43. 
nzz. 

73757. 
1136. 

73757. 
1136. 

•costs in thousAnds of dolllrs. 



METHOD 
SEATLIF"E 

COST TO F"LVU986J 

COST TO BUVC1986> 
I'IATERIM. 
MNUF'ACTUR.ING 

TOTAL COSTSC19B6> 

DELTA COST-F"LYC1986> 

DELTA COST-IUYC1985l 

DELTA COSTS ( 1986 > 

AVG•I) OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST &UMMRY REPORT .......•........... 
UONM3 NOAF'A8 HORF'A8 LIGHT 

CODE• •1 CODU 882 CODU aa9 CODU 812 CODU 882 

ORAD 
3 YRS 

51555. 

&986. 
un9. 

78351. .. .. .. 

IMMD 
3 YRS 

B•U39. 

1Hl. 
2938. 

88977. 

32572 • 

-13946 • 

18525 • 

57196. s•89. 

3314. 3314. 
2938. 2938. 

63448. 56341. 

sua. -1477. 

-12533. -12533. 

-5983. -14818. 

IMMD 
3 YRS 

84139. 

lHl. 
2938. 

88977. 

325?2. 

-13946. 

18626. --------------------------------------------------------
72621. .. 189172. 

35551. 
18538. 
159119. 

81358. 
8737. 

189172. 
36551. 

•Costs tn thousands of dO 1 lar's. 

I'IETHOD 
SEATLIF'E 

COST TO F"LYU986> 

COST TO IUYCl916l 
I'IATERIAL. 
f'tANUF'ACTUAIHG 

TOTAL COSTSU986J 

DELTA COST-F'LVU986> 

DELTA COST-8UYU986> 

DELTA COSTSC1986> 

COST SUMMARY REPORT ................... 
VOHAII3 HORFAB HORFAB LIGHT 

CODU .. 1 CODU 882 CODU 889 CODU 812 CODU H3 

GRAD 
3 YRS 

51566. 

6986. 
11799. 

78351. 

8. .. .. 

B•U39. 57196. 

1981. 3314. 
2938. 2938. 

88977. &3448. 

32572. sua. 

-13946 • -12~33. 

18626 • -6983. 

58889. 

3314. 
2938. 

55341. 

-1477. 

-12533. 

-14818. 

IMMD 
3 YRS 

74758. 

1818. 
2938. 

79498. 

23184. 

-14837. 

9147. --------------------------------------------------------
AVG•D OVER ftROJECTJOH: 
TOTAL . COlTS 
DELTA COSTS 

72621. .. 189172. 
36551. 

88538. 
15989. 

•costs an \hous•nds of dolll,.s. 

COST SUMMARY REPORT ................... 

81358. 
9737 • 

UOHAA3 HOArAI HOAF'AB LIGHT 

99278. 
26657. 

COD£a M1 CODEa 882 CODEa 889 CODEa 812 CODEa 884 

"ETHOD 
SEATLIF'£ 

COST TO FLYC1986l 

COST TO BUY Cl986 l 
MTERIAL 
MNUF'ACTUAING 

TOTAL COSTS C 1986) 

DELTA COST-rLYC1986) 

DELTA COST-8UYU986) 

DELTA COBTSC1986) 

GRAD 
3 YRS 

51565. 

6986. 
11799. 

78351. 

8. 

8. .. 

IMMD 
3 YRS 

94139. 

1911. 
2938. 

88977. 

32572. 

•13946. 

18626 • 

57196. , •• 9. 

3314. 3314. 
2938. 2931. 

&3448. 56341. 

5638. -1477. 

-12~33. -12533. 

-5983. -14818. 

IMMD 
3 YRS 

163879. 

1777. 
2938. 

167793. 

ll151Z. 

-ua7a. 

97443. --------------------------------------------------------
AUG'D OUEA PROJECTION; 
TOTAL COSTS 
DELTA COSTS 

72521. .. 
•Costs in thous•nds of do lllrs. 

119172. 
365!!ll • 

H538. 
15989. 

11358. 
8737. 

188264. 
115644. 

.. 



.. 
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COST SUIIIIIIIRV REPORT ................... 
UOHM3 NOIIIF'AB NORF'AB LIGHT 

COD£• -1 CODEa 8N CODEa 889 CODEa 812 CODEa 8H 

"ETHOD 
SEATLIF"E 

COST TO F"LVU986> 

COST TO 8UVU986l 
MTERIM. 
"IIIIHUf'ACTURIHG 

TOTAL CO&T8(1986> 

DELTA COST-F'LVct986> 

DELTIIII COST-8UYC1986) 

DELTA COSTS( 1986) 

51555. 

6986. 
11799. 

78351. 

8. .. 
8. 

I""D 
3 YRS 

84139. 

1981. 
2938. 

88977. 

32572. 

-13946. 

18626. 

57196. SM89. n••6. 

3314. 3314. 33..,. 
2938. 2938. 2938. 

63448. 56341. 69733. 

5638. -1477. ll879. 

-12533. -12533. -12497. 

-6983. -······ -618. --------------------------------------------------------
AUG•D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

"ETHOD 
SEATLif"E 

COST TO F'LYU986> 

COST TO BUY U986 l 
MTERIAL. 
MNUF"ACTURJNG 

TOTAL COSTS( 1986 l 

DELTA COST-F'LYU986> 

DELTA COST-IUYU986> 

DELTA COSTSU986l 

72621. .. 1119172. 
36551 • 

8853a. 
15989. 

COST SUIIIIIIIRV REPORT ................... 

81358. 
8737. 

9.9,. 
22379. 

UOHM3 HORrAB NORrAB LIGHT 
CODE. M1 CODU 882 coon 889 CODU 812 CODU 885 

GRAD 
3 VRS 

51566. 

59a6. 
ll799. 

78351. 

a. 

8. 

8. 

a•139. 

1981. 
2938. 

88977. 

32572. 

-13,.&. 

18626. 

57196. 5Ma9. 63829. 

331 •• 331•. 3388. 
2938. 2938. 2938. 

63•48. 5&341. 7885&. 

5638. -1477. 12263. 

-12533. -12533. -125.7. 

-6983. -14818. -28•. --------------------------------------------------------
AUG•D OVER PROJECTION: 
T()TAL COSTS 
DELTA COSTS 

METHOD 
SEATLirE 

COST TO F'LVU986) 

COST TO IUVIl986l 
MTERIM. 
MNurACTURING 

TOTAL COSTS C 1 '86) 

DELTA COST-rLVU986l 

DELTA COST-IUVCl986) 

DELTA COSTSC1986) 

AVG'D OVER PROJ'ECTION: 
TOTAL COST& 
DELTA COSTS 

72621. 
8. 

189172. 
36551. 

88538. 
15989. 

COST SU"IIIIIRV REPORT ................... 

81358. 
8737. 

UOHM3 HORrA8 HORrA8 LIGHT 

95157. 
22537. 

coDE• M1 coon aaz coon 889 coon 812 coon 887 

GRAD 
3 VRS 

51566. 

6986. 
11799. 

78351. 

a. 

8. .. 

a•139. 

1981. 
2938. 

88977. 

32572. 

-13946. 

1852& . 

57196· 

331 ••. 
2938. 

63···· 
5638. 

-12533. 

-&9a3. 

5M89. 

331 •• 
2938. 

563.1. 

-1•77. 

-12533. 

-14818. 

II.,D 
3 VRS 

59M5. 

31ll. 
293a. 

65853. 

8239. 

-1273&. 

-··97. --------------------------------------------------------
72621. .. 189172. 

36551. 
88538. 
15989. 

a1358. 
8737. 

•Costs in thOUSAnds of do liars. 



"ETHOD 
SEATLIF'E 

COST TO F'LYU986) 

COST TO IIUYC198&l 
MTEIIIM. 
MHUf"fiCTURIHG 

TOTIIIIL COSTS ( l 981) 

DELTA COST-rLYU!Ia&l 

DELTA COST-8UVU986) 

DELTA COSTSU986) 

AVG•D OVER PRO.JECTION: 
TOTAL COSTS 
DELTA COSTS 
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COIIT .-v REPORT 

••••••••••••••••••• 
UOHM3 -FQ _,.,.. LIGHT 

CODE8 .. , CODE8 - CODU 1189 CODE8 Ill CODE8 ---------------------------------------------------------
GIIAD I""D 1- I""D I""D 

3 YIIS 3 YltS 3 YIIS 3 VIIS 3 VIIS --------------------------------------------------------
51566. •• 139. 571!16 • 5-•· 775115. 

6985. ,,.,, 331 •• .. , .. '"5 • 
117,. 2938. 29311. 1931. 19311. 

71351. ... 77. •••••• s•a .. s. • 8Z3SII. .. 32571 . S6311. _,.77. ZS,.II. .. -139•6· -12533. -IZSU. -U932. 

•• 18626. _.,.3. _, .. ,.. 11 .. 7. 
--------------------------------------------------------

72621. .. 111!1172. 
36551 • 

81358. 
1737. 

•Costs in thousands of dollars. 

"ETHOD 
SEATLIF"E 

COST TO IIUVC 198&1 
MTEIIIM. 
MHUFACTURIHG 

TOTAL COITSU9N) 

DELTA COST-rLVU!I86l 

DELTA COST-IIUVCI!Ia&l 

DELTA COSTS(l986) 

AUG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST ~y REPORT 

••••••••••••••••••• 
UOHM3 HORF"fll NOitrAI LIGHT 

CODE• .. , CODU - CODU 1119 CODE• 1112 CODE• -

ORAD 
3 YRS 

I""D 
8 VIIS --------------------------------------------------------

SIS&&. UIH. 571!16. 5-•· 5?1H. 

6!tll5. ,,.,, 3314. .. , .. 331 •• 
117,. 2!131. 29311. 29311. 2!1311. 

711:151. 88977. •••• 8. H:I•L •• 44 •• .. 32572 • 56311. -1•77. 55311. .. -13!1.6. -12533. -12533. -12$131. 

II. 18515. -69113. _, .. , .. -5HI. --------------------------------------------------------
72621. .. 1119171. 

36551 • 
81158. 

8737. 
..5311. 
IS!III9. 

•Costs in U'lousands of dolllrs. 

COST TO rLYCI98&l 

COST TO IIUVCI!Ia&l 
MTERIAL 
MNUf"ACTURlNG 

TOTAL COSTSC1986) 

DELTA COST-F'LY(1986) 

DELTA COST-IIUVCI98&l 

DELTA COSTS(1Mt6) 

AUG • D OU£R PIIOJ'ECTJON: 
TOTAL COSTI 
DELTA COSTS 

COST SU-RV REPOIIT ................... 
UOHOIR3 HORrfll HOitrAI LIGHT 

CODE• .. , CODU 8112 CODU 8119 CODU BIZ CODU Bll 

GIIAD 
3 VRS 

I""D 
3 VRS --------------------------------------------------------

51566. 84139. 571!16. 5•89. 13711Z!t. 

69H. 1!1111. 33U. 3314. 2833. 
117''· 2!138. 2!1311. zn8. 2!131. 

711353. 88977. 63448. 56341. 1•2•11. 

8. 32572. 56311. -1477. 8s•n. .. -13,.8. -12S3S. -12S3S, -13816. 

II. 18624. -6!18S. -14812. 7115.7. --------------------------------------------------------
72623. 

8. 
189175, 
36SS2. 

885311. 
IS!II7. 

81358. 
873S. 

... 



.. 

ttETHOD 
SEATLIF'"E 

COST TO f'"LYU986) 

COST TO BUYC1986) 
IIAT£RIAL 
ttAHUF'"ACTURIHG 

TOTAL CO&TSU996) 

DELTA COST-F'"LYU996) 

DELTA COST-BUYU986) 

DELTA COSTSU986) 

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

ttETHOD 
SEATLIF'"E 

COST TO F'"L Y (1986) 

COST TO BUY C 1986) 
IIATERIAL 
ttANUF"ACTURIHG 

TOTAL COSTSC1986) 

DELTA COST-F'"LYC1986) 

DELTA C0ST-8UYC1986) 

DELTA COSTSC1986l 

AVG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 
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COST SUI'IttARY REPORT ................... 
VOHAR3 HORF'"AB HORF'"AB LIGHT 

COD£1 881 CODEI 882 COD£1 889 COD£1 812 CODEI 811 

GRAD 
3 YRS 

51566. 

6988. 
11799. 

7e353. 

e. 

8. 

e. 

If1f1D 
3 YRS 

8oll139. 

1981. 
2938. 

88977. 

32572. 

-139<48. 

18624. 

I""D 
3 YRS 

57196. 58889. 37536. 

331oll. 33loll. 5576. 
2938. 2938. 2938. 

63<4<48. 563<41. 46858. 

563e. -1<477. -1oll838. 

-12535. -12535. -18273. 

-69e5. -14812. -243e3. 
--------------------------------------------------------

72623. 
e. 

189175. 
36552. 

89538. 
159e7. 

COST SU""ARY REPORT ................... 

91358. 
8735. 

VONAR3 NORF"AI NORF'"AB LIGHT 
CODEI 881 COD£1 882 CODEI 889 CODEI 812 CODEI 812 

GRAD 
3 YRS 

51566. 

6988. 
11799. 

7e353. 

B. 

e. 

e. 

94139. 

19el. 
2938. 

88977. 

32572. 

-13948. 

18624. 

57196. 5e889. 

331oll. 33U. 
2938. 2938. 

63448. 56341. 

5638. -1<477. 

-12535. -12535. 

-6985. -14812. 

I""D 
3 YRS 

58e89. 

33U. 
2938. 

56341. 

-1477. 

-12535. 

-1<4812. 
--------------------------------------------------------

72623. 
B. 

189175. 
36552. 

88538. 
15987. 

81358. 
8735. 

81358. 
9735. 

•costs '" thousAnds of dolhrs . 
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SEAT CUSHION LAYER MATERIAL 

*************************** 
MATERIAL CODE NUMBER: 004B 
PRODUCT NO, : 

MATERIAL NAME: NFR URETHANE 
DESCRIPTION : POLYURETHANE FOAHo NON-FIRE RETARDED, 

MEDIUM FIRM•ILD32 

SUPPLIER'S NUMBER: 2 
DENSITY: 1.200 LB/FT2 OR FTJ 
DENSITY FIRE RETARDANT FOAM: 0.000 LBIFT2 OR FT3 

COST: S Oo680/FT2 OR FT3 
YEARLY COST INCREASE: OX 
UNIT COST CHANGE/VOL, COST: $ 0.000/$ 0, 

END OF SEAT CUSHION MATERIAL REPORT 

SEAT LAYER DESIGN REPORT 
************************ 
SEAT DESIGN NUMBER: 013 

LAYER NAHE CODE NO. * HANUFAClURER'S COST FACTORS 
- LA~OR - rABRICATIOH 1.0) 

A 
B 
c 
II 
E 
F 

WOOL/NYLON 
NORFAB Al. 

NFR URETHANE 
NFR URETHANE 
NFR URETHANE 

005 
011 
-0-
-o--
·-0-

[IK 004B 
ElM 0048 
HD 0048 

-PLANNING 1.~0 

ASSEMBLY 1.00 
- INSPECTION 1.00 

TOOl lNG 1.00 
- DEVELOPMENT 

- [IESIGN 
ENGINEERING 1.00 

- SUST. 
ENGINEERING 1.00 * FIRE PERFORMANCE PARAMETERS - OVERHI r.11 

ILD<BKl = 0 

2.5 FLUX: MDOT 
5.0 FLUX: MDOT 
7.0 FLUX: MDOT 

IL£1 (Ell), = 0 

O.OOEtOO 
o.oouoo 
O.OOE+OO 

ILD<HRl 

E 
f 
f 

0 

.o.oo 
o.oo 
o.oo 

rootiNu 1.00 
-MISC. 1.00 

APPLY TO DfSIGNt 001 
HFG %/YR INCREASE O, 

* LIFETIME OF A SFAl MEASURED IN NUHEI£H OF YEAHS 
BOTTOM 2,5 BACK 5.0 HEADkEBl • 5.0 

BACK 
LBS *LBS 

COACH: 
1.83 0.20 

SHORT HAUL: 
loBJ 0.20 

1ST CLASS: 

* DELTA WEIGHT 

SEAT CUSHION WEIGHT PER CUSHION Dote: 6/22/82 
******************************* 

SEAT CUSHION DESIGN NUHaERl 0\3 
vs. 

SEAT DESIGN REFERENCE NUHaERl 001 

BOTTOH HEADREST 
LBS *LBS LBS, *LBS 

3,08 -0.02 1.34 0.02 

3,08 -0.02 \. 34 0.02 

3.34 -0.03 1.60 o.oo 

TOTAL 
LBS *liS 

0.20 

0,20 

0,\9 

END OF THE WEIGHT REPORT 



... 

.. 

METHOD 
SEATLIF"E 

COST TO F"LY<1986) 

COST TO 8UY(1986) 
MTERIAL 
MNUF"ACTURING 

TOTAL COSTS<1986) 

DELTA COST-F"LY<1986l 

DELTA COST-BUY<1986l 

DELTA COSTS<1986l 

AUG'D OUER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

CODE• 881 
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COST SUMNARY REPORT 
******************* 

UONAR3 NORF"AB NORF"AB LIGHT 
CODE• BB2 CODE• BB9 CODE• 812 CODE• 813 

--------------------------------------------------------GRAD 
3 YRS 

GRAD 
3 YRS 

----------------------
51566. 84139. 

6988. 7636. 
11799. 11799. 

70353. 183574. 

a. 32572. 

8. 648. 

GRAD 
3 YRS 

GRAD 
3 YRS 

GRAD 
3 YRS 

----------------------------------
57196. 58889. 53248. 

13312. 13312. 13312. 
11799. 11799. 11799. 

82307. 752BB. 78358. 

5638, -1477. 1682 . 

6324. 6324. 6324. 

B. 33220. 11953. 4847. 8085. 
--------------------------------------------------------

72623. 
B. 

183793. 
31170. 

842114. 
11581. 

77544. 
4921. 

805114. 
7881. 

•Costs in thousands of dollars. 

METHOD 
SEATLIF"E 

COST TO F"LY<1986l 

COST TO BUY<1986l 
MTERIAL 
MNUF"ACTURING 

TOTAL COSTS<1986l 

DELTA COST-F"LY<1986l 

DELTA COST-BUY(1986l 

DELTA COSTS<1986l 

AUG'D OUER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUMMARY REPORT 
******************* 

UONAR3 NORF"AB NORF"AI LIGHT 
CODE. 081 CODE• 882 CODE• 889 CODE• 812 CODE• 813 

GRAD 
3 YRS 

51566. 

6988. 
11799. 

70353. 

a. 

a. 

a. 

NORP 
3 YRS 

59418. 

7149. 
11798. 

78358. 

7844. 

161. 

8885. 

NORP 
3 YRS 

52922. 

8562. 
11798. 

73283. 

1356. 

1574. 

29311. 

NORP 
3 YRS 

51211. 

8562. 
11798. 

71571. 

-356. 

1574. 

1218. 

NORP 
3 YRS 

51971. 

8552. 
11798. 

72332. 

485. 

1574. 

1979. 
--------------------------------------------------------

72623. 
II. 

80963. 
83411. 

75545. 
2922. 

73759. 
1136. 

74552. 
1!129. 

•Costs in thousands of dollars. 

METHOD 
SEATLIF"E 

COST TO F"LY<1986l 

COST TO 8UY<1!186) 
MATERIAL 
MANUF"ACTURING 

TOTAL COSTS<1986l 

DELTA COST-F"LY<1986l 

DELTA COST-8UY<1986l 

DELTA COSTS<1986l 

AUG'D OVER PROJECTION: 
TOTAL COSTS 
DELTA COSTS 

COST SUMMARY REPORT 
******************* 

UONAR3 NORF"AB NORF"AB LIGHT 
CODE• 8111 CODE• 002 CODE• 11119 CODE• B12 CODE• 013 
--------------------------------------------------------

GRAD 
3 YRS 

IMMD 
3 YRS 

--------------------------------------------------------
51566. 84139. 57196. 501189. 53248. 

6908. 1981. 3314. 3314. 3314. 
11799. 2938. 2938. 2938. 2938. 

70353. 88977. 63448. 56341. 59588. 

a. 32572. 5630. -1477. 1602. 

II. -13948. -12535. -12535. -12535. 

a. 18624. -6905. -14012. -10853. 

--------------------------------------------------------

72623. 
B. 

1B9175. 
36552. 

885311. 
15907. 

81358. 
8735. 

84545. 
11922. 

•Costs 1n thous~ndl of dollars. 
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APPENDIX F-1 

Development of an Algorithm and Data Gathering for Aircraft Seats 

NASA Final Report, P.O. # A84863B, ECON, Inc. 

Editor's Note: Sections of this Appendix have been deleted for 
the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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ECON, Inc. has developed a methodology to calculate estimated costs for 
the manufacture and use of advanced aircraft seat cushion configurations 
that are being evaluated by NASA-AMES, CRPO for improved fire performance 
characteristics. The methodology has been appropriately designed and 
documented for easy adaption to computer processing. 

The cost algorithm methodology has been developed to: 

. Provide user interactive computer processing . 

. Serve as a storage facility for cushion configuration weight, 
cost and fire performance information. 

. Generate cost information for the manufacture and raw materials 
of each candidate cushion configuration on a U.S. fleetwide 
basis. 

. Derive the weight impact and resulting fuel consumption sensitivity 
of each candidate cushion configuration on a U.S. fleetwide basis. 
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FOREWORD 

This final report has been prepared for the Chemical Research 
Projects Office at Ames Research Center of NASA, ~offett Field, 
California, under P.O. NO. A84863 B (EAF). 

This report consists of documentation for the work performed 
under the four contract tasks and serves to specifically 
direct the computer application of the aircraft seats algorithm. 
The report is organized as follows: 

I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM 

II. DATA ORGANIZATION 

CUSHION DIMENSIONS DATA FILE 
CUSHION MATERIALS DATA FILE 
CUSHION CONFIGURATIONS DATA FILE 
REFERENCE CUSHION CONFIGURATION DATA FILE 
AIRCRAFT FLEET PROJECTION DATA FILE 
1 NEW 1 AIRCRAFT DELIVERY SCHEDULE FILE 
FUEL COST PROJECTIONS FILE 

I I I. LOGICAL PROGRAM FLOW 

DETAILED PROGRAM FLOW 
OUTPUT REPORTS 
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I. OVERVIEW OF AIRCRAFT SEATS ALGORITHM 

ECON, Inc. has developed a methodology to calculate estimated costs 
of the manufacture and use of advanced aircraft seat cushion configura­
tions that are being evaluated by the Chemical Research Projects Office 
(CRPO) at NASA-Ames for improved fire performance characteristics. The 
methodology has been appropriately designed and documented for easy 
adaptation to computer processing. 

The primary focus of this effort has been on the evaluation of the 
cost impact associated with manufacturing and flying various seat con­
figurations on a U.S. aircraft fleet-wide basis. In addition, the 
approach developed will provide a logical framework for the storage of 
physical properties data and fire performance indicators for each seat 
configuration. Figure 1 illustrates the significant parameters that 
influence the seat manufacturing cost and the weight impact on fuel 
consumption of flying heavier or lighter aircraft seats. Each of these 
parameters are discussed in detail in the second section of this re­

port. 

Figure 2 provides a top-level, logical view of the proposed model 
flow. This is expanderl upon in the last section of this report in a 
detailed, step-by-step, presentation of the model methodology. In 
addition, the summary reports have been specifically defined and are 
provided in conjunction with the detailed flow. 

The development of the approach documented herein was significantly 
influenced by the nature and availability of pertinent data. In areas 
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where data is severely limited, as much flexibility in the data structure 
as possible has been suggested. For example in the area of calculating 
seat cushion manufacturing costs, there is currently very little insight 
into the major cost components and how they will be affected by new 
materials. The methodology developed allows the user to work with 
data at several levels of detail, depending upon what is available to 
him. Discussions between ECON and CRPO are currently in progress to 
find means to expand upon this data base through NASA - funded contracts 
with, seat manufacturers to actually build seats with alternative cushion 
configurations and track costs in an appropriate manner. Once a good 
baseline set of manufacturing cost data has been provided, cost estimat­
ing tools such as the RCA Price model could be used to generate costs 
of future cushion designs. 

Because the Ames program is focused on cushion configuration al­
ternatives, other components of the seat structure are not considered 
at this time. Furthermore, the methodology presented reflects a very 
simplified approach to cushion design and dimensions in which both the 
bottom and back cushions are rectangular in shape with uniform dis­
tribution of all materials across the rectangle. The dimensions of 
the bottom and back cushions may be specified individually, but it 
is assumed that they will be comprised of the same materials. 

Despite the simplifying assumptions and limitations outlined 
above, the methodology developed can provide a valuable tool for the 
comparison of one seat cushion configuration with another and to 
assess its impact on the cost to manufac.ture and fly an improved 

aircraft seat. 
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II. DATA ORGANIZATION 

The data required by the aircraft seats algorithm, as configured 

by ECON, has been organized into the following logical groupings: 

cushion dimensions data 

cushion materials data 
cushion configurations data 
reference cushion configuration data 

aircraft fleet projection data 
1 new 1 aircraft delivery schedule data 
fuel cost projections data 

Each of these data groupings is referred to as a data file in the follow­
ing pages. The contents of the data files and the manner in which the data 

are used in the algorithm are discussed. An initial set of data is docu­

mented, based on the data gathering efforts under this effort. In addition, 

a sample display format for each data file is provided. 

The detailed program flow in Section III of this report refers to the 

types of data stored in each of the data files as the data is required by 

the algorithm for computational or display purposes. 
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FIGURE 1 

MODEL APPLICATION 

t10DEL INPUT PAIW1ETERS 

e CUSHION 11ATERIALS 
e DENSITY 
e RAW MATERIAL 

e CUSHION DIMENSIOilS 

e 11ANUFACTURING PROCESS COSTS 

e A/C FLEET PROJECT IONS 
e liUI4BER OF A/C 
e NUMBER OF SEATS PER A/C 

:IODEL OUTPUT 

e SEAT 111 X (COACH, 1ST CLASS, ETC ) • COSTS PER SEAT TO -
e SEAT LIFE 

e WEIGHT IIIPACT ON FUEL CONSUIIPTION 

e FUEL COSTS 

• ;~A~~:.;r :~::ruRE 
e FLY (WEIGHT IIIPACT) 

e TOTAL COSTS O'!ER E!iT WE 
FLEET FOR SPECIFIED TillE 
HORIZON TO -

e IIAIIUFACTURE 
e FLY (WEIGHT I:IPACT) 

FIGURE 2 

MODEL CONFIGURATION 

SPECIFY SEAT CUSHION 
CONFIGURATION -
ffATERIALS AND THEIR 
COST AND DENSITY 

CALCULATE CUSHION IHS 
COST OF IIATERIALS AIIO 
I IANUF ACTUR I NG COSTS 
PER SEAT 

A/C FLEET PROJECT!Il":<; 
USED TO DETERMINE 
ANNUAL DEMAND FOR 
SEATS AND AllriUAL 110. 
OF SEATS ltl FLEET 

CALCULATE DELTA RAW 
I:J\TERIALS AND fiFG, 
COSTS FOR EriT!RE FLEET 
(UEII CO'IFIGURATION VS. 
BASEL II IE) 

CALCULATE II'PACT OF 
!![I r.HT 011 fUEL COSTS 
rno [';7!RE FLfET 

-".':::.:AL 
. T(ITAL 
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CUSHION DIMENSIONS FILE (DIMEN) 

The user of the aircraft seats algorithm may vary the dimensions 
of the aircraft seat cushions to reflect an actuol change in typical 
cushion dimensions, or to examine the impact of a proposed change in 
cushion dimensions. The dimensions to be used are stored in the cushion 
dimensions file, in terms of the l~ngth, width and thickness of both 
the bottom and back seat cushions. Different sets of dimensions may 
be stored for coach and 1st class category seats. These data serve 
to approximate the size of the cushions and do not take into account 
any seat contouring or irregular seat shapes. 

The initial data set for this file contains the dimensions used 
by CRPO in their initial work to determine typical coach seat cushion 
weights: 

BACK CUSHION: 26 in. x 17 in. x 1.5 in. 
BOTTOM CUSHION: 18.5 in. x 13.9 in. x 3.0 in. 

It has been assumed that the primary difference between coach and 
lst class seats is the seat width. Thus, the initial data for lst 
class seats width is 2 inches greater than that specified for coach 
seats. 

The user may also bypass the calculations of seat area and volume 
using seat cushion dimensions, and directly input the cushion area and 
volume. This option may be desireable when area and volume informa­
tion is available and better reflects a seat cushion size, with its 
various contours and irregular shapes, than dimensions data can pro­
vide. Area and volume data would be input to the cushion dimensions 
file in lieu of length, width and thickness data for back and bottom 
cushions for both coach and lst class seats. 

The display format for the cushion dimensions data file (Drr-1EN) 
is provided on the following page. 

• 
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SEAT CUSHION MATERIALS FILE (MATERL) 

The file of seat cushion materials contains all materials that are 
used to create seat cushion configurations for the aircraft seats algorithm. 

Each material is numerically coded, with materials currently included in 
the file identified by the code established by the CRPO. In addition this 

file contains: the material name; product number; a brief description; 

the material supplier, the density; and several estimates of a unit cost. 

In some cases, one material may be available in a variety of thicknesses, 

in which case a lower-case alpha character will follow the 3-digit 

material code to differentiate between thickness. 

The initial data set for the seat cushion materials file has been 
provided by the CRPO and is shown in Table 1 . The material prices 

currently listed are those quoted to CRPO for their purchase of a 

limited quantity of materials. The user may enter other price estimates 

to more accurately reflect the material price in a large scale market. 

The display format for an entry in the materials file (1·1ATERL) is 

also provided . 
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IAUll 1 : INIIIAL UAII' ~E T hJK )lAI LU::.tiiUU T~llKI"L- r 

I<AT£RIAL COD£: 001 NEOPRENE FOAil 

PRODUCT 110. : 

OESCRIP110H: 

SUPf'llfR: 

YONAR NO. 1 

1/16 IN. NEOPRENE fOAM WITH 6.~ x 10' 3 TO 1.4 x 10" 2 L8./fl2 
COTTON SCRIM 

CHRIS CRAFT INDUSTRIES, INC. 

OlNSITY: .112 LB/FT2 

CO'T: PRICl 10 CAPO • 0.167 S/fl2 

IH-

LO • 
11[0. 

OTHER -

I¥.T£RIAL COOL: 002 NEOPRENE FOAM 

PROOUCT NO.: 

O[SCRIPTION: 

SOPPLIER: 

YONAR NO. 2 

2!16 IN. NEOPRENE FOAM WITH 6. 9 x 10' l 10 1.4 x 10' 2 LB/fTZ 
COTTON SCRIM 

CHRIS CRAFT INDUSTRIES, INC. 

DENSITY : • 139 LB/FT2 

COST: PRICE TO CAPO. 0.261 S/FT2 

Ill· 

LO • 

MEO • 

OTHER • 

MATERIAl CODE: 0041 NFR URETHM£ 

PRODUCT 110.: BT 150 

DESCRIPTION: RESILIENT URETHANE FOAM; Z IN. THICK 

SUPI1LILW:: SCOTT PAPER CO. • fOAM DIY. 

ll£NS11Y: 1.500 LB/fll 

COST: PRICl TO CAPO· 10.00 S/Fil 

III-

LO • 

MEO • 

OTHER • 

TABU 1 INiliAl OATA SET It II( SEAT tuSitlO!t ttAHHIAL ~ i IL£ 

141\TliHAI. COOL: 009 N(OPREN£ FOAM 

PROOUCT !~0.: 

DESCRIPTION: 

SUPPLIER: CHRIS CRAFT INDUSTRIES, INC. 

DENS 1TY: • 227 LB/fT2 

COST: PRICE TO CRPO • 0.167 S/FT2 

HI • 

LO • 

1-1£0 -

OTHlR -

MATERIAl CODE: 010 PBI BATTING 

PRODUCT NO. : 40·4010-1 

O£SCRIPTION: HEAT STABILIZED 

SUPPllfR: Cfl ANfSI rt81 R<; MUG, CO. 
OlN~trV · 

lO!:al: PRIU 10 lRI10 -

Ill-

LO • 

MED· 
OTHER • 

MAll RIAl fDilt : 014• Pot YMIIll I OAM 

PMOhUC I r•o. : 
Of~(IUI'l ION; Rf~lllfNl, 2 IN. THICK 

SUPI'llllt: INTERNATIONAL HARVEST£R • SOlAR (If~. 

O£N51TY: 1.200 LB/fll 

COS!: PRICE TO CAPO • 

HI • 

LO • 

MEO • 
OTHER -

1AIIll I 

i4AT(R1AL COO£: 

PRODUCT "0.: 

OESCRIP110": 

SUPPLIER: 

lr.!IIA.L OAIA ')t.l hJit ')t,AI t.U::.HIVI' !~ltKJ,..-.~ r ll..t 

004 b NFR URETHANE 

BT 150 

RESILIENT URETHANE FOAil; J ttl. 'etc.>: 

SCOTT PAPER CO. • fOAM OIV. 

OE'tStTV: 1.500 L61fTJ 

COS':': PR!Cl TU (~P·~ • 16.667 S/FT3 

HI • 

LO • 
11(0 • 

OTHEi< • 

11AIERIAL COO£: 004< NfR URETHAIIE 

PROiJ' ... CT 'tO.: BT 150 
O£S(RJPTimt: RES!LIE~T URETHA"£ FOM; 1/2 :~1. i!tlCK 

~UPPLi[R: SCOTT PAPER CO. • FOAl,. 01\'. 

Ol';'JITY: l.S10 L8/fT3 

C0~7: PRICE TO CR:;,J • 8 •511 S/FTJ 

HI-

LO • 
ME[;· 

QTtlER • 

'lATERIAL CODE: 

PRODUCT flO.: 

D~SCRIPTI%: 

<li ".:I TV: 

005 WOOL/NYLQtl 

5'!'7427-llS 

R76423 SUN-ECLIPSE SLUE/RED; COLUR i3/J2~Z, 
90 WOOL/10 '1\VLO'Il 

llOP CORP. 

,097 LBifTZ 
LQ',T: PR:U f!J(io'P')• 1.17565/FTZ 

HI-

LQ • 

··~f.' I • 

TAIL£ 1 : HH TlAt. DATA ~~ FOit SEAT CU~HIOr. MAHIHAL:.. HL£ 

llATERIAL COOl: 

PRODUCT raO.: 

Q[SCRIPTJOH: 

SUPPLIER: 

DENS !TV: 

Ol'b POLYMIOE FOAM 

RESILIENT, 3 IN. THICK 

INT'L HARVESTER ·SOLAR OIV. 

I. 200 LBIFT3 

COST: PRICI TU CRPO • 60.00 S/fll 

HI • 

LO • 
HEO • 

OTHER • 

1¥.TERIAL CODE: 

PRODUCT 110.: 

O£SCRIPTION: 

SUPPL.ltR: 

Oiff,Jh· 

014c POLYMIOE FOAM 

RESILIENT, 1/Z IN. THICK 

l'il'L HARVESTER· SOLAR OIV. 

1.200 LS/fTl 

UJ)!: tJIUCt TO CRPO • 

HI • 

LO • 

MEO • 

OTH£t: -

~1AHRIAL COil;: 

i'IWOUCl fW.· 

DI"RIPTION: 

~UPPl!(R: 

DENSITY: 

017-t fR UREHIAN~ ··oAM 

.. '041 

.' IN. llt[CK 

NO. CAROUNA fOAt4 INO. 

I. 870 LB/fl3 
COST: PR1Ci TO CRPO - lJ.OO SIFTl 

HI • 

LO • 

'<1.0 • 
OTHn-

0 
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. lAUl£ 1 : INITIAL UAIA ~(1 FUH SUI I.U::,HIUh l~lt.ICI'"L-' nlt 

IIATERIAL CODE' Ol7b FA UAETHAllt: FOAM 

PRODUCT UO.' 2043 

DESCRIPTION' 3 IN. THICK 

SUPPLI£R: 

DENSITY, 

NO CAROLINA FOAM I NO. 

1.870 LB/FT3 

COST: PRICE TO CAPO- 16.667 S/FTJ 

HI • 

LO -

HED -
OTHER -

*TEAIAL CODE' 

PRODUCT NO.: 

DESCAIPTIDII: 

SUPPLIER: 

Dl7c FA URETHANE FOAM 

2043 

1/2 IN. THICK 

NO. CAROLINA FOAM IND. 

OEMS 1TY, 1.870 LB/FTJ 

COST' PRICI Til CAPO - 8.571 S/FT3 

Ill-

LO • 

MED -
OTHER -

MATERIAL COOE' 

PRODUCT NO . : 

DESCRIPTIDII' 

SUPPLIER: 

DENSITY: 

018 PBI FABRIC 

WDYEN PBI FABRIC HEAT STABILIZED; 2 x I TWILL MADE FROM 
THERMALLY STABILIZED PBI YARN 

CELANESE F IBEAS MI'TG. CO. 

COST: PRICE TO CRPO -

HI • 

LO -
MED -

OTIIEA -

TABlE 1 : INITIAL DATA SET Fllll SEAT CUSHlOft f.tATLRIAL'o~ fiLE 

14AH1Ut\l COOl: 022 NEOPRENE FIW1 

VONAR NO. 3 PROIJUCT riO.: 

DESCRIPTIDII: 

SUPPLIER: 

3/16 IN, NEOPRENE FOAM WITH 6.9 x IO~J If) 1.4 • 10·
2 

lB/fT2 

PBI SCRIM 

CHRIS CRAFT INDUSTRIES, INC. 

DENS 1TY, . 257 LB/FT2 

COST, PRICE TO CAPO - 0. 367 S/FT2 

HI • 

LO • 
liED -
OTHER -

HAHRIAL COOl: 

PRODUCT NO. : 

DESCRIPTION: 

SUPPLIER' 
DENSITY: 

023 NEOPRE~E fOAU 

VONAR 3 INTAERLINEA 
J/16 IN. NEOPRENE fON1 WITH 6.9 x 10·3 TO 1.4 ll 10·2 L8/fT2 
POLYESTER SCRIM 

CHRIS CRAFT INDUSTRIES, INC. 

.2Z7 LB/FT2 

COST' PRICE TO CRPO -

Ill-

0. 394 S/FT2 

LO -

MEO -

OTHER -

MATERIAL COOE' 

PRODUCT NO. ' 

DESCRIPTION' 

SUPPLIER: 

DENSITY: 

024 COTTON KNIT 

FABRIC; 44 ' 40 THREAD COUNT 

LMGENTHAL INT'L CORP. 

.018 LB/fT2 

COST: PAICf TO CAPO - 0.222 S/FT2 

HI • 

LO • 

MEO • 
OTHER -

1A8L£ 1 

14ATEAIAL CODE, 

PRODUCT flO.: 

DESCRIPTION: 

SUPPLIER: 

DENSITY: 

INITIAL UAIA SET FUll SEAT LU~IIIUU HAHU!AL:.. i ILl 

019 BLACK BATTING 

CELANESE FIBERS MICTG. CO. 

COST: PRICE TO CRPD -

HI -
LO-

f-lED -

OTHER -

*TERIAL CODE, 020 LS20D 

PRoDuCT NO.: 

DESCRIPTION: 1/2 IN. THICK NEOPRENE FOAM 7.5 PCF 

SUPPLIER: TOY AD CORP. 

DENS 1TY: . 234 LB/FT2 

COST: PRIU 10 CRPO - ,/03 S/fl2 

Ill. 

LO -

MEO -
OTHER -

:IATERIAL COOl: 021 ALUIIINU" FOIL 

PRODUCT "0.: 

DESCRIPTION: O.OD2 IN. 

SUPPLILH: 

DENS IT\: 

REYNOLDS AUJ~HNua 

.000 LB!FT2 

COST: POIC£ TO CAPO. 0.011 l/FT2 

Ill-

LO -

l<EO -

UTfl[R -

TABLE 1 INITIAL DATA SET P1R SEAT CUSHI01l :1ATliUA1._, F!L£ 

IIATERIAL COO£: OZS LS 200 

PRODUCT flO. : 

DESCRIPTION: 3/8 IN. THICK 

SUPPLIER: TOY AD CORP. 

DENSITY: 

COST: PRICE TO CRPO­

HI -

LO-

11EO -

OTHER -

*lEAl At COO£: 026 FA COTTON KNIT 

PRODUCT ftO. : 

DESCRIPTION: FAIIIICo 44 x 40 THREAD COUNi, tIRE RlTAI~JMif ;, .ATED 

SUPPLIER: LANGENTHAl INT'L CORP. 
DENSITY: .OIB LB!FT2 
COST: PRICE TO CAPO. o. 417 S!FT2 

itl-

LO -
MEO­

OTHEA -

f-IATERIAL COOl: 

PRODUCT riO. : 

DESCRIPTION: 

SUPPLI(R: 

DENSITY: 

029 NOMEX Ill 

.050 LB/FT2 
COST: PRICC TO CAPO­

HI-
I. 333 l/FT2 

LO -

MEO-
OTHFR • 
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SEAT CUSHION CONF~GURATION FILE (CONFIG) 

The seat cushion configuration file may contain up to 1000 combina­
tions of available seat materials (from the materials file) for evaltla­
tion in the aircraft seats algorithm. As new materials are added tc1 

the materials file, new configurations can be specified. A cushion 
configuration, as currently defined, can be comprised of all or a sul set' 
of the following layers: 

LAYER A - Upholstery 
LAYER B - Scrim 
LAYER C - Heat Blocking Layers 
LAYER D - Airgap Layer 

LAYER E - Reflective Layer 

LAYER F - Foam 

The cushion configuration code has already been generated by the CRPO 
for over 300 configurations, as listed in Table 2 . These codes are 
1naintained in this data file. Any additional configurations can be 
added to the file and will be assigned the next available numeric code. 

In addition to a definition of the configuration by code and the 
materials used for each layer, this file contains information about the 
cushion configurations wear life, cost and fire performance. The 
cushion wear 1 ife will probably be different for the bottom and back 
cushions, and is tracked separately throughout the algorithm. However, 
due to the limited information currently available, the manufacture and 
fire performance in bottom and back cushions are treated the same for 
the purpose of this exercise. 

Manufacturing costs can be handled by the seats algorithm in several 
fashions, to allow for the variability in the data available. The most 
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simple approach, Method A, is the direct input of the total cushion price. 
If greater insight into the cushion price is available, a price breakdown 
that includes labor cost, development cost, and overhead and profit rates 

may be used. The algorithm vtill then generate a total price based on the 
sum of labor and development costs, multiplied times the overhead and 
profit rates: 

TOTAL $ = (LABOR $ + DEVEL $) x OVERHEAD % x PROFIT % 

Alternatively, using Method B, there may be no actual cost data available 

for a particular configuration, but only educated judgements on how the 
manufacturing process will differ in reference to a known seat configura­
tion. The Reference Configuration (REFRNC) file contains the information 
on the costs to manufacture a selected reference seat, broken down as 
follows: 

LABOR: DEVELOPNENT: OVERHEAD: OTHER: 

FABRICATION DESIGN ENGR TOOLING 
PLANNING SUSTAINING ENGR FRINGES 
ASSEMBLY OTHER 
TOOLING 

The data may be available at the category level (i.e., labor, develop­
ment, overhead, other) or at the sub-category level (i.e., fabrication, 
planning, etc). Data is entered and stored for the new configuration to 
indicate that, for example, fabrication costs are estimated to be 25% 
higher than the reference, and design engineering 10% lower. These 
differences are stored as factors in the configuration file. The 
seats algorithm will use these to generate total seat cushion costs. 

Finally, the seat cushion configuration file will contain the fire 
performance characteristics of a specific configuration. At this point, 
these are not directly used by the algorithm, but merely stored in a 
convenient location for reference by the algorithm user. There are 
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many potential measures of fire performance that could eventually be 

included in this file. However, under this effort only three will be 
addressed: 

Radiant panel test results 
Modified heat release calorimeter test results 
C-133 test, derived egress time 

The initial data set for the configuration file is largely com­
prised of the definition of configurations established by the CRPO. 
Two of these configurations contain an amplified set of data to in­
clude seat wear life and manufacturing costs, as presented in Table 

3. There is no fire performance data available at this time. 

A display format for individual entries in the configuration 
file (CONFIG) is also provided. 

.. 
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TABLE 3 - SELECTED ENTRIES HI SEAT CONFIGURATIONS DATA FILE 

CONFIGURATION I 0017 LAYER A 005 WOOL/NYLON 
LAYER B 
LAYER C 009 VONAR NO. 3 
LAYER D 
LAYER E 
LAYER F 017 FR URETHAI~E 

SEAT CUSHION LIFE - BOTTOI\o 2.5 YRS. 
BACK: 5.0 YRS. 

HANUFACTUR!Nf. r;Q<;T (I PER SEAT CUSH!Otl) 

t1lHlOO A- TOTAl Mff. S: LAOOR I' 6.25 
OEVHOP11£fH S: 4.00 

OVERilEAD RATE 90! 
PROFIT RAT£ 10'! 

IIETIIOD B - (BASED ON REFERENCE CASE SEAT CUSHION) 

LABOR 
FAORJCATJOr~ 
PlflrlNING 
ASSEI·lBLY 
TOOLING 

DEVELOPfiENT 
DESIGN ENGR 
SUSTAINING ENGR 

OVERIIEAO 
TOOLING 
FRINGES 
OHlER 

OTHER 

FIRE PERFORHAtlC£ CtiARACTERJSTICS 

RADJAIH PANI:.l TEST RESULTS: HEAT SOURCE AT u BTU/U12 
(SOURCE' ) 
(DATE' ) 

- DATA NOT YET AVAILABLE -

MODIFIED HEAT RELEASE CALORIMETER TEST RESULTS' 
(SOURCE, ) TEST CONDITIONS -
(DATE' ) 

- DATA NOT YET AVAILABLE -

C-133 TEST, DERIVED EGRESS TIHEo 
(SOURCE' 
(DATL 

MINUTES 

- DATA NOT YET AVAILABLE -

W/CI12 
em AJRF:..OI~ 
IN. SA!WL£ 

TABLE 3 (Continued) - SELECTED ENTRIES IN SEAT CONFIGURATION DATA FILE 

CONFIGURATION I 0376 LAYER A 005 WOOL/NYLON 
LAYER B 129 NORFAB 
LAYER C 
LAYER D 
LAYER E 
LAYER F 017 FR URETHANE 

· SEAT CUSHION LIFE - BOTTQII, 2.5 YRS. 
BACK' S.O YRS. 

MANUFACTURING COST ( $ PER SEAT CUSHION) 

METH<ID A - TOTAL HFG S: LABOR I: 
DEVELOPI1ENT S: 

OVERHEAD RATE 
PROFIT RATE 

METHOD 8 - (BASED ON REFERENCE CASE SEAT CUSHION) 

LABOR 
FABRICATION 
PLANNING 
ASSEIIBLY 
TOOLING 

OVERHEAD 
TOOLING 
FRINGES 
OTHER 

DEVELOPMENT 
DESIGN ENGR 
SUSTAWING ENGR 

OTHER 

FIRE PERFORMANCE CHARACTERISTICS 

RADIANT PANEL TEST RESULTS: HEAT SOURCE AT xx BTU/CH2 
(SOORCE: ) 
(DATE: ) 

- DATA.NOT YET AVAILABLE -

MODIFIED HEAT RELEASE CALORIMETER TEST RESULTS: 

6.25 
5.00 
9{)'< 
10: 

(SOURCE: ) TEST CONDITIONS - W/CM2 
(DATE: ) CFI1 AIRFLOW 

IN. SAIIPLE 

- DATA NOT YET AVAILABLE -

C-133 TEST, DfRIVED EGRESS TIME' 
(SOURCE, 
(DATE: 

MINUTES 

- DATA NOT YET AVAILABLE -
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DISPLAY FORMAT 

.IU~ CiM!~MI (~J--------~------ ---~------U-\TL~l!lfl_ 
I'R(lCR-~\1\lER ~'MIT· (A'~ll - -- - --- __ PACE L - "' __ .2. 

DISPLAY FORMAT 

Sl"AltJ.tt::••.:-1 ;; 
I.Aittl. ~ 

.. " 

, I! I+ T tt 

0 
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REFERENCE SEAT CUSHION CONFIGURATION FILE (REFRNC) 

The aircraft seats algorithm generates comparative costs, as opposed 
to absolute costs, by comparing associated costs for the introduction of 
a new seat cushion to those costs associated with a reference or baseline 
seat cushion. The reference cushion will usually be one that is current­
ly in use in commercial aircraft. The seats algorithm then can be used 
to determine the impact of changing the seat cushion to an alternative 
cushion configuration. The reference seat cushion configuration file 
specifies the configuration to be used as a reference by the configura­

tion code and the code for the material used in each layer. It also 
includes data on the seat cushion life and manufacturing costs. 

In this file, manufacturing costs are entered as dollar amounts 
broken into the following categories: labor, development, overhead and 
other. If data is available, each of these categories can be further 
broken down into sub-categories to provide _more insight into the con­
tribution of various manufacturing cost elements to the total price. 
The costs in this file do not include material costs, which are added 
in the algorithm to generate a total seat cushion price. 

The initial data set for the reference file specifies a fire 
retardant urethane foam cushion, encased in cotton muslin and covered 
with the wool/nylon upholstery. The seat cushion life and manufactur­
ing cost data is preliminary in nature and has been derived from con­
versations with a variety of seat manufacturers, airline operators, 
and NASA personnel. 

A display format for thi~ file and its initial data set are pro­
vided on the following page. 
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AIRCRAFT FLEET PROJECTION DATA _(FLEET) 

The aircraft seats algorithm has been structured to handle data for 
three categories of jet aircraft: 2 -engine, 3 - engine, and 4 - engine. 
This structure has been employed to correspond to the format of U.S. fleet 
projection data presented in the annual FAA Aviation Forecasts (See Table 
4). The FAA forecasts have been developed with the aid of sophisticated 
modelling tools that consider economic indicators, market trends, and 
policy issues to generate the best available projection of U.S. air 
carrier activity. 

Within each engine category, data may be further broken down by 
specific aircraft type. This additional breakdown provides the capabil­
ity to capture variations in seating capacity and the sensitivity to 
changes in aircraft weight from one aircraft type to another. There 
may be a range of three to ten aircraft types within each Engine category. 
It is expected that some current aircraft types will be replaced by new 
aircraft types in the time period under consideration, therefore alter­
ing the composition of the fleet. 

The seats algorithm uses the fleet projection data and the •new• 
aircraft delivery schedule data (described later in this section) to 
generate an annual requirement for aircraft seats. Following the in­
troduction of an improved seat configuration, the assumption is made 
that all •new• aircraft will contain the improved seats. It is also 
assumed that seats in aircraft that are already in operation prior 
to the introduction of the improved seat will be replaced as old seats 
wear out. Figure 3 depicts this transition from current to improved 
seats over the aircraft fleet, as it is treated in the methodology .. 
developed for the seats algorithm. 

ECON, Inc. has created an initial data set of U.S. aircraft fleet 
projections to be used in the exercise of the seats algorithm. As 
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new or different information becomes available, new data sets can be 
created. The initial data set'includes only jet aircraft flown by 
U.S. Air Carriers, excluding cargo transports which fly no passenger 
seats. Historical data pertaining to the number of aircraft by type 
in actual operation by U.S. trunk carriers, local carriers, and supple­
mental air carriers for the years 1978 to 1980 was obtained from the 
World Aviation Directories, Nos. 79-82. Table 5 summarizes this data. 
This data corresponds fairly well to the historical data included in 
the FAA Aviation Forecasts provided for 2 - engine, 3 - engine, and 4 -
engine category aircraft. However, because the FAA aircraft forecasts 
include cargo transports, it was necessary to adjust those projections 
accordingly for use in the seats algorithm fleet projection. Without 
the inclusion of cargo aircraft the annual fleet size was assumed to 
be approximately 85% of that shown in the FAA forecast for both 2 -
engine and 4 - engine aircraft. An 85% adjustment approximates the 
difference in the FAA historical data and the historical data recorded 
in the World Aviation directory. The number of 3 - engine aircraft used 
for cargo transport is currently very small and was assumed to continue 
to be so, therefore the no. of 3 - engine aircraft in the initial data 
set corresponds very closely to the FAA forecasts. 

The World Aviation Directories were also the source for data on 
the number of aircraft on order by different U.S. air carriers. The 
initial data set created by ECON, only specifies two new aircraft types 
by name, Boeing's 767 and 757, with first deliveries expected in 1983 
and 1985, respectively. This reflects the information currently avail­
able about orders placed for new aircraft. In addition, other new air­
craft may be in operation during the time period under consideration, 
but they are not specifically cited in the initial data set. It is 
assumed that the reduction in the 4 - engine aircraft fleet as pro­
jected in the FAA forecasts reflects the retirement of a significant 
portion of the B-707 type aircraft. The initial data set reflects 
this as a gradual retirement. Otherwise, the distribution of aircraft 
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types within an Engine category has been done somewhat arbitrarily, 
using the number of aircraft currently in operation and currently on­
order as a guide. 

Table 6 documents the initial data set for U.S. aircraft fleet 
projections by Engine category, by aircraft type, by year. 

The display format for the aircraft fleet projection data file 
(FLEET) is also provided. 

.. 

0 
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TABLE 4 - JET AIRCRAFT IN THE SERVICE OF U.S. AIR CARRIERS BY AIRCRAFT TYPE* 

Jet 
Historic&1* 2 Engine 3 Eng-ine 4 Engine 

1g75 541 g26 627 
1976 514 1,003 619 
1g77 536 1,025 593 
1978 563 1,074 551 
1979 618 1,164 509 
1980 665 1,262 501 

~ 

Forecast 

1981 669 1,284 459 
1982 674 1,306 425 
1983 757 1,328 397 

1984 829 1,349 369 
1985 927 1,370 344 
1986 970 1,369 349 

1987 1,015 1,368 354 
1988 1,061 1,367 355 
1989 1,105 1,365 356 

1990 1,148 1,364 357 
1991 1,]g] 1,362 361 
1992 1,235 1,360 364 

*DATA SOURCE: FAA AVIATION FORECASTS, Fiscal Years 1981-1992, September 1980. 

FIGURE 3 

A/C FLEET TRANSITION TO NEW CUSHIONS 

I I ~-------=---•-lil ~- ................• 
I • • • • • • • • • • • • • • • • • • • • • 
I
• • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . 8 

............... . 
I •.·.·.·.•.·.·.·.·.•.·.·.·.·.·.·. 
I -----·1· •••••••••• , ........... . 
I CURRENT ~ •••••••••••••••••••• 

I CUSHIO~~S IN ---·--·: •: •: •: •: •: • 
EXISTING A/C I o • • • • • 

NEll 
CUSHION 

HHRO 
YEAR 

__________________ .,.. 
YRS 

• JtlCREASEO FLEET SIZE 
MC ~ETIREII"IH 

ALL UHl A/C 
CONTAIN 
NEW SEATS 
CUSHIONS 

SEATS IN EXISTING 
A/C ARE REPLACED 
\liTH HEll CUSHIONS 
AS NEEDED 

r,q,\UUAL SEAT REPLACEIIEIIT 
CHAIIGE Ill AVG. tiO. SEATS/A/C 

Econ 
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TABLE 5 - U.S. AIRCRAFT FLEET DISTRIBUTION - AIRCRAFT W OPERATION* 

FT 1Q7H 1979 1 QflO AIRCRA 
TYPE TRUNK I LOCAL I CARGO (SUPPLE. TOTAL TRUtiKJ LOCAL I cARGO !SUPPLE TOTAL TRU:IK !LocAL I CARr.o !suPPLE TOTAL 

B-707 211 2 213 178 173 1·12 142 

1 1 6 6 

1'. /(/ ii/'J IIJ 1 'lfJQ 914 o6 I 991 );;4 57 I I 1043 

I!/ ill '•4 n> II /'J 156 59 93 152 

1: /4/ 11Jl ~ II? 117 IQ 127 125 19 3 147 

UL-3 92 18 31 161 106 35 32 Ill 75 32 30 137 

lJL-9 147 219 3 369 138 224 3 365 116 249 5 370 

DC-10 126 I 6 113 131 I 9 141 I 38 1 11 150 

L-1011 90 90 84 84 '}4 94 

7 7 7 7 15 15 

l_ 
- ---- ---------~ ---- --- -- -- ·- ---- --------L --· --- -- ·--------

TABLE 6: llllTIAL DATA SET FOR U.S. AIRCRAFT FLEET PROJECTIONS 

l<lRAFT 
78 I 79 I aci I 81 I 82 I 3J I C4 LKTiif:=_LcLl!L_f~ __ I:2£_TIL -'Jr'-

(ACTUAl) I (PROJECHO) 

[":;JII[; I I B-737 
135 156 ,. 152 160 162 166 171 177 177 177 177 177 177 177 171 

OC-9 369 165 370 389 390 404 414 421 421 423 423 425 430 430 430 
A300 7 7 15 I zo 21 25 30 35 40 45 50 55 60 65 70 
8-757 0 0 Q Q 0 0 0 20 40 60 80 100 120 140 160 

, B-767 0 0 0 0 0 48 90 135 145 15a 172 179 139 20il 212 

I I 
TOTAl 511 528 537 569 573 643 70S 788 825 863 902 939 976 1012 1049 

---------
13-lNGIIIl; i I 

8-727 899 990 1042 1050 1059 1070 1084 1098 1095 1094 1093 1091 1090 1068 1Q16 
LIOll i 90 84 94 I 94 96 100 lOS 110 112 112 112 112 112 112 112 

1 OC-10 i 132 140 149 151 lSI 158 160 162 162 162 162 162 162 162 162 

TOTAl 1121 1214 1284 I 1295 1306 1328 1349 1370 1369 1363 1367 1365 1364 1362 1360 

··~··1 
I 

8-707 211 178 142 140 124 100 75 68 60 60 60 55 55 SQ 50 
8-720 9 6 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
8-747 101 117 128 130 132 132 134 134 138 143 144 150 151 161 163 
OC-8 123 138 lOS I 105 105 105 105 98 90 93 98 98 9C 96 96 

IOTAI. 44(, 039 375 1 375 361 Jl7 314 292 296 JOI 302 !OJ 304 1Q7 100 
. -- --- - -- -- ------------ ---------------- ·-·--

D 
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DISPLAY FORMAT 
'ROGRAM _II~JI!f.6r. _f~gflfl!!_.£"1.!6 (FlUT~.!~rtiPJ. l>fl/'11~ .SfL__ __ ____ --~ __ ---~~- .llATF._~.I9I.,~,'/__ __ 
3 RO<;RA\1\UR EUN. 1~. (Kc.L) P:\Cf. 1 OF 2..____ 
~1\H.\U.'..;l ;. t"ClRTRAS SHTI.Mt.ST SI'AHMI::ST 

I "111~:1 ' ' " 1,' ' ... ' •• ' ~ ' I '.. ~fo:(J{ "E~CF. 

PRODUCT NO S90S 

DISPLAY FORMAT 
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"NEW" AIRCRAFT DELIVERY SCHEDULE (DELIV) 

In addition to the aircraft fleet projections previously discussed, 
the aircraft seats algorithm also utilizes data regarding the projected 
deliveries of "new" aircraft to characterize the operational air carrier 
fleet. It is assumed that, once improved seat cushion criteria have been 
decided upon, all "new" aircraft will contain improved seats, while air­
craft currently in operation will replace existing seats only when they 
are worn out or the aircraft undergoes a decor refurbishment. There­
fore it is necessary to differentiate between the number of "existing" 
and "new" aircraft in any given year. 

The "new" aircraft delivery schedule will, obviously, correspond 
to the projection of aircraft fleet size. If the total number of 2 -
engine aircraft flying in a given year has increased from the previous 
year by 20 aircraft, it can be assumed that at least 20 "new 11 ai rc.raft 
have been added to the fleet. However, in examination of actual fleet 
size and aircraft delivery data for 1980 one learns that other factors 
must also be considered. For example, according to the World 
Aviation Directory (Summer 1981, No. 82), there were a total of 52 
more B-727 aircraft in operation in the U.S. air-separate carrier fleet 
in 1980 than 1979. However, 81 "new" B-727•s were delivered to U.S. 
air carriers. Some of those "new" aircraft were used to replace 
existing aircraft that were retired or sold to non-U.S. air carriers. 
The "new .. aircraft delivery schedule data is required for the algorithm 
to provide insight into this occurrence. 

An initial data set for the "new" aircraft delivery schedule has 
been created by ECON, Inc. is shown in Table 7. Alternate or im­
proved aircraft delivery schedules may be created with the assistance 

of the FAA or airlines themselves and used in its stead. Assumptions 
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about aircraft retirement from the U.S. fleet were made somewhat ar­
bitrarily, but in keeping with the general trends reflected in the 
projections of fleet size. 

The display format for the 11 new 11 aircraft delivery schedule data 
file (DELIV) is also provided. 

<. 
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DISPLAY FORMAT 

PROCRA~I 1 N£4/' AIIUilJI,:r lJ~LIV'•Rf TtJ ,.S. N/,f ~A6Aiiilf FLEEr (/JELly)_ __ _ ll.\TE lltMIIJT 191L ___ _ 

I'R.OCH.\\1.\lU{ Ettw', IKe (Ktt). 1'.\CE I fll _.L. 

" PRODUCT NO !.905 ·· .. , 
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AIRCRAFT CHARACTERIZATION FILE (ACCHAR) 

The aircraft seats algorithm requires data from the Aircraft 
Characterization File to generate information from the aircraft opera­
tions portion of the algorithm. This file contains three basic kinds 
of data for each aircraft type included in the fleet projection and 
11 new 11 aircraft delivery schedule: 

average number of seats 
percent of total seats that are 1st class 
estimated weight to fuel sensitivity 

The initial data set for this file contains numbers for the 
average number of passenger seats per aircraft type primarily based 
on information provided by Jane's Pocket Book of Commercial Transport 
Aircraft (Taylor, John W., Collier Books, 1978). In some cases there 
are different number of seats for different versions of aircraft types, 
such as the DC-8 Series 30-40 verses the DC-8 Series 60-70. In such 
cases, these differences were averaged to ·derive one number represent­
ing a specific aircraft type. Information for the B-757 and B-767 
was obtained from Boeing Commercial Airplane Company's Public Relations. 

The data on 1st class seating is necessary to distinguish between 
1st class and coach seating because the size of seats in these sections 
will most likely differ. The seat size influences manufacturing costs, 
raw material costs and seat weight. At this time, the initial data set 
was constructed such that each aircraft type contains 1st Class seats 

for 8% of the total seating. This number was taken from the available 
information regarding the B-757 and is considered to approximate the 
split between each coach and~First class seats for all commercial air 
transport. 

The approach taken in the aircraft seats algorithm to generate the 
impact of additional we.ight on the aircraft fuel consumption is only one 
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of many approaches. The algorithm is structured so that additional 
approaches could be incorporated at a later time, if desired. This 
approach was selected because of its simplicity and because of the 
supporting data available from the United Airlines• publication, 
11 The Engineering Connection .. , April 28, 1980. In this approach an 
estimate is used for the number of gallons additional fuel required 
to fly one additional pound of weight on one aircraft for one year. 
The estimate should represent, as much as possible, the varying route 
structures across the U.S. It is assumed that there will be no sig­
nificant change in aircraft utilization over the years,as there is 
currently no mechanism in the algorithm to allow for variations in 
route structures from one year to the next. 

The initial data set includes estimates for the weight to fuel 
sensitivity, as described above, referenced by United Airlines for the 
following aircraft: B-747, B-737, B-727, DC8-61 ,·and DC-10. The 
estimates used for the other aircraft types in the file were approxi­
mated using the United estimates as a reference. The data generated 
for the initial data set is provided in Table 8. 

The display format for the aircraft characterization data file 
(ACCHAR) is also provided. 



2-ENGINE: 
B-737 
DC-9 
A300 ' 
B-757 
B-767 

3-EHG!flE: 
B-727 
L1011 
UClO 

4-ENGINE: 
B-70~ 
D-120 
B-747 
DC-3 

STAn:t.tt:NT i 
l.Aif.L .. 
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TABLE 8 INITIAL DATA SET FOR AIRCRAFT CHARACTERIZATJO'i FILE 

ESTII1ATED 
AVG. . 

:lEIGHT TO . 
~Q,_ SEATS !_S_I_SLASS FUEL SENSITIVITY 

9.022 109 8. 
128 8. 19.00 
200 8. 15.00 
174 8. 13. ao 
203 8. 14.00 

17.542 120 8. 
325 8. 17.502 
310 3. 15. 37 

140 27. lQ. 00 
131 27, 10.002 
455 8. 17. 752 
175 8. 2Q, 15 

Additional gJllons fuel consw:ced to carry 1 lb. of excess v1eiaht on one 
airplane for one year. 
•'lo. of (]allons based on eo:;tinates ;H"OvirlAd hv Unitrd Airlinco:;. "The 
r,l',lf1,<(>r'ill•] r'Hlll<~C:iron". ·.·.-·jl "-'.I"· f ..... ,,~--.., .. , ,1'"',.,'P ·,.:. 'rute 

~"'·'::turo.:, i..l,J'_ •lr·l: U..il•":>l;l_;r,;..j ,~,:,•_·_r·.:·_J·,·t.: JnG ~ne t:~sc. est~ ates 
curn?ntly available. 

DISPLAY FORMAT 

PRODUCT NO. S905 

1 
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FUEL COST PROJECTION FILE (FUEL) 

The cost of jet aircraft fuel is expected to increase over the 
time horizon under consideration for the development of the aircraft 
seats algorithm. The algorithm has been designed to allow the user to 
specify annual fuel costs based on projections available at the time. 
An initial data set for the fuel cost projection file has been defined 
by ECON that reflects an annual increase over 1981 actual fuel costs 
of 5% per year, as shown below: 

YEAR 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

FUEL COST ($1 GAL.) 

$1.00 
1.05 
1.10 
1.16 
1. 22 
1.28 
1. 34 
1. 41 
1. 48 
1. 55 
1.63 
1. 71 

The display format for the fuel cost projection data file (FUEL) 
is also provided. 

DISPLAY FORMAT 

PROGRAM~L f!#JI' ~~BTitMI~{£!!11) ____ ~------ ------------ DATE _____ ~-
PRO(;R'\\1\IF.R - _1'\{;E -- L___ 01 J 

FORTR A :'II ST.\Tf.Mt:NT 

.. 
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III. LOGICAL PROGRAM FLOW 

This section of ECON's documentation of the methodology for an air­
craft seats algorithm to assess manufacturing and operating costs con­
tains a detailed logical flow of the program. This flow indicates the 
sequence of the necessary calculations, the series of questions that 
should be posed to the program user, and the nature of the user response. 
It specifies when the contents of particular data file are required for 
a calculation. It also indicates the kinds of summary reports that can 
be generated. Each summary report i5 sequentially numbered in the 
logical program flow, and a sample report format is ~rovided in the 
pages following the logical flow. 

The detailed program flow documents the sequence of calculations and 
steps of program execution as seen by the user of the program. It does 
not dictate the internal structure of data organization and program de­
sign. However, the methodology was developed with the understanding 
that there were no data base management systems available for use and, 
therefore, any manipulation of the data would need to occur within the 
structure of the program itself. Accordingly, the methodology reflects 
an attempt to keep additions and changes to the data as simple for the 
user as possible, while still providing a capability to upgrade the 
data as required. 

Each step in the program execution as outlined in the following 
pages is numbered for documentation purposes only, to clarify the 
sequence and allow references to previous steps or indicate a 'skip' 
to a future step. 
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Fire Protection Studies of Aircraft Seats 

Final Report NASA Cooperative Agreement NCC 2-56, 
Dr. A.C. Ling, San Jose State University • 

APPENDIX G-1 

Editor's Note: Sections of this Appendix have been deleted for 
the sake of brevity. A complete copy of the 
original manuscript may be obtained upon request. 
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FIRE PROTOCTICN STUDIES OF AIRrnAFI' SEATS 

I. MASS INJFX:TION STUDIES IN'IO 'mE NWIRONMENT CAUSED BY 'ffiERMAL 

DEIJRADATION OF UREmANE FOAM AND OlHER ~STRUCTIONAL MATERIALS 

IN AIRCRAFI' SFATS. 

Investigators: Demetrius Kourtides, Alan campbell U.ng, 

Wai lee, Tan Atchison, Ibnna IB.vidson, & Sharyn Jupp 

1. INTRODUCTION 

n1e purpose of the project is to develop a superior fire resistant aircraft 

seat involving a conpranise between atsolute fire protection producing a 

seat that is too heavy with respect. to payload considerations , and too 

C(Etly from a materials viewpoint, and a light weight inexpensive seat that 

offers no fire resistance at all. 

nie initial method of investigation involves the examination and development 

of a heat blocking layer for the protection of the urethane foam, the prim­

ary cushioning material. One criterion for the acceptibility of a superior 

heat blocking layer is that it must provide roth a greater ca:;t benefit and 

better heat blocking perforrrRnce than the current 3/16" layer of Vona:r® 

presently used in danest.ic aircraft. 

It is postulated that one of the largest contrirutors in the developnent of • 

a hostile environment inside an aircraft cabin during a fire is the produc-

tion of fl8.1111'Rble and toxic vapors from soft fabrics and furnishings, the 

majority of Which form the seating facilities in an aircraft. In particu-

lar, the flamm.ble vapors derived from thermal de<XJnposition of the urethane 

foam cushions. Thus a prirm.ry objective of this phase of the investigation 

was to determine quantitatively the effects of a fire on such foam IJRteri-

als, and to develop rrethods that will reduce production of sudl flammable 

vapors. 
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This initial investigation has therefore concentrated on determining the ap­
parent weight loss sustained by the central cushioning material (fire­
retarded fire-resistant urethane foam, and non-fire protected foam), togeth­
er with determining weight 1 oss factors sustained by the other components 

that comprise a typical seat cushion, both as a function of time, and as a 
function of the thermal flux incident on the front face of the seat cushion. 

Parallel investigations involving theoretical and semi-empirical roodelling 
of the heat conduction and thermal radiation properties of various materi­
als, has led to the development of a simple model based on six identifiable 

l(\yers in a typical seat cushion. This model cushion (see Figure 1} con­
sists of the following six layers: 

1. The Wool-Nylon fabric layer {outer decorative cover). 
2. The reradiative char layer (formed from the heat blocking 

layer by thermal degradation of suitable fabric or foam). 
3. The transpiration al 1 ayer (allowing vapor interchange). 
4. The air gap 1 ayer. 
5. The reflective layer (to assist in controlling radiant energy). 

6. The cushioning foam (solely present for comfort factors, and 
the primary agent that requires thermal protection). 

Table 1 lists the materials that have been chosen via a conflicting set of 
criteria (cost, comfort, ava i1 ability, thermal safety, constructional vi a­
bility, toxicity factors, weight/density factors, and aesthetics) for the 
construction of current and future aircraft seat cushions. 

As a preliminary study, small scale tests of the heat blocking efficiency of 
candidate cushions were conducted using the NBS Smoke Density Chamber. The 
NBS Smoke Density Chamber has been roodified to measure weight loss as well 
as smoke density, as a function of time, at a specific heat flux {range of 
1.0 w.cm-2 to more than 7.5 w.cm-2). 
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FIGURE 1 THERMAL PROTECTION MODEL FOR 

FIRE BLOCKED SEAT 

.,..b Reflected energy 

! :\] 

I Primary cushioK ' 
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TABLE 1. LIST OF MATERIALS, AND THE PHYSICAL CONSTANTS OF THE MATERIALS, 
CHOSEN FOR CONSTRUCTIONAL COMPONENTS IN CONTEMPORARY AND NEXT GENERATION 

AIRCRAFT SEATS. 

MATERIAL DESCRIPTION 
NAME PHYSICAL ·CONSTANTS TRADE NAME SUPPLIER 

Vonar 1 Cotton 1/16 inch Neoprene Vonar 1e DuPont De 
(Vonar 1} FoCIII with Cotton Cotton In- Nemours 

Scrim inte2liner terliner 
0.11 lb/ft 

Vonar 2 Cotton 2/16 inch Neoprene Vonar 2• DuPont De 
(Vonar 2} Foam with Cotton Cotton In- Nemours 

Scrim inte2liner terliner 
o. 18 lb/ft 

Vonar 3 Cotton 3/16 inch Neoprene Vonar 3• DuPont De 
(Vonar 3} Foam with Cott()n Cotton In- Nemours 

Scrim interliner terliner 

Non-Fire-Retarded Polyureth~ne Foam #BT 150 Scott 
Urethane FoCIII 1.1 1 b/ft Urethane Paper 
(NF Urethane} Foam 

Woo 1-Nylon 90~ Woo 1 /10~ R76423 Sun Call ins & 
Fabric Nylon F abri~ Eclipse Aikman Corp. 
(W-N Fabric} 0.097 lb/ft 

Polyimide Foam Po lyimideloam Poly imide Solar Turbines 
(PI Foam} 1. 2 1 b/ft Foam International 

Fire-Retarded Polyurethane #2043 Urethane E. R. Carpenter 
Urethane Foam Foam Foam & Co., Inc. 
(FR Urethane} 1.87 1 b/ft3 

• Aluminized Heat Stabilized Preox• Gentex Corp. 
Ce 1 iox Po 1yacry1on~tri1 e 1100-4 
{Al Celiox} 0.079 lb/ft 

• Aluminized 7~ Kevlar® Norfab Gent ex Corp. 
Norfab 25~ Nomex® llHT -26-AL 
(Al Norf ab} 5~ Kynol• 

0.079 1 b/ft2 
Aluminized 

Glass siO 181 E-Glass Gil wee 
0.0~1 1 b/ft2 Fabric (NASA} 

Satin Weave 
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2. THE SMOKE DENSITY CHAMBER 

The NBS Smoke Density Chamber is an approximately 3' x 3' x 2' {18 ft3, 
ca. 500L) enclosed test chamber, connected to a manometer and an exhaust 
system to purge smoke from the chamber. If kept open, the exhaust vent can 
be used to provide continuous purging of the chamber \\tlile in use. In case 
of sudden pressure increases in excess of six inches of water, the chamber 
is equipped with an aluminum blow-out panel pressure relief outlet. A chro­
mel-alumel wire electrical furnace is used as a heat source. The furnace is 
calibrated at least once every two week to ensure that the correct heating 
rate is applied. To minimize the effect of smoke stratification a vertical 
photometric system with a collimated 1 ight beam is used to measure smoke de­
nsity. The amount of smoke production is recorded via a Photomultiplier­
Microphotometer which registers the relative intensity of 1 ight transmit­
tance. The NBS Smoke Density Chamber has presently been modified vi a the 
installation of a balance (Arbor Model #1206, reading to 0.01 g). This mod­
ification allows measurement of the rate of mass loss as a function of time 
at any one heating rate. 

3. CONSTRUCTION OF TEST SAMPLES 

The test samples are approximately 311 x 311 by approximately 0.5 to 1.0" in 
thickness; they are constructed by wrapping the heat blocking layer around 
approximately 0.5" of the urethane foam to resemble a miniature seat cushion 
(Figure 2). Each component of the miniature cushion is first weighed, then 
neatly sewn together using neadle and thread. The cushion is then suspend­
ed from the balance and placed directly in front of the heater. 

• 

• 
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4. TEST PROCEDURE 

After the ele~trical furnace has been brought to the desired heat flux, the 
balance is checked by weighing a small weight (usually, a small piece of 
urethane foam approximately 0.05 grams in mass). The sample is then sus­
pended from the balance vi a thread and a wire frame (Figure 3). To prevent 
the sample from being exposed to the heat source while mounting the sample 
in preparation for the test, the sample is mounted behind an asbestos heat 
shield. After the sample has been mounted, the balance is checked again to 
ensure that the sample is hanging freely, and that the supsension cord is 
not binding. To start the test, the heat shiled is removed, and the lister 
connected to the balance output initiated. The weight of the sample during 
the test is measured by the balance and recorded via a Hewlett Packard 5150A 
Thermal Printer; readings are taken every two seconds. After the test, the 
sample cushion is cut apart and the remaining urethane foam weighed to det­
ermine the weight loss of the foam center itself. 

As an additional check, the weight of the sample cushion is determined 
before and after the test on a second static balance to determine the weight 
1 ass. 

5. CHAMBER OPERATION AND CALIBRATION 

5.1 HEATER CALIBRATION 
The heater is calibrated at least once every two weeks using a water cooled 
calorimeter connected to a millivoltmeter. The heating rate is calculated 
from the millivolt output using a calibration curve supplied by the manufac­
turer. The calibration is done by increasing the applied voltage five volts 
every five minutes (starting at 25 volts) until a heat flux of 7.5 watts per 
square centimeter is achieved. A plot of applied voltage versus heat flux 
then provides the operating calibration curve for the furnace. 
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5.2 TEST FOR CHAMBER LEAKAGE 
Before the chamber is warmed each day, the chamber is tested for any leak­
age. This is done to prevent exposure by personnel to toxic effluents that 
may be produced during a test. The chamber is pressurized to four inches of 
water and the pressure drop is timed. The chamber should be sealed suffic­
iently to provide a decrease in pressure from 4" to 3" (of water) in no less 
than three minutes. 

5.3 WARM-UP PROCEDURES 
The electrical furnace is brought to the desired heat flux slowly to maxi­
mize the life of the furnace. Starting at 25 volts, the voltage is increas­

ed no faster than five volts every five minutes. To prevent the opposite 
chamber wall from overheating, an asbestos heat shield should be placed in 
'front of the furnace. The asbestos heat shield should be no closer than 1.5 
inches from the furnace opening. 

6. DISCUSSION 

A major danger in an aircraft fire is what is termed "flash-over", where 
flammable vapors trapped high up towards the ceiling of the cabin will sud­
denly ignite, and propagate the fire across the whole interior of the air­
craft like a wave. A suspected major source of flammable vapors leading to 
this condition is the decomposition of urethane foam. By measuring the rate 

that combustible vapors are injected into the environment from the urethane, 
one may be able to approximate the time required to reach flash-over point. 
If this time can be extended long enough, by making a more fire resistant 
seat and/or a seat that does not release large quantities of flammable 
vapor, then it might be possible to evacuate the aircraft cabin of personnel 
prior to the flash-over time. 

.. 
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Our test results will be used to calculate the time required to reach such a 
condition of flash-over, assuming for simplicity that the following assump­
tions may be taken: 

1. The amount of combustible material ejected into the air 
comes from the decomposition of the urethane foam. 

2. The mass 1 ost by the urethane foam is equal to the amount 
of decomposed vapor ejected into the air 

The first assumption is an idealization. It is acceptable only if the major 
portion of combustible vapors in the air comes from the seat cushions. The 
second condition is more in the nature of a limitation, since our experimen­
tal procedure does not presently all ow us to determine the exact amount of 
combustible material injected into the air from the urethane foam. 

6.1 NOTES & COMMENTS: 
It is obvious from prima facie considerations that not all vapor from 

the decomposition of the urethane foam is ejected into the air. Some of the 
vapor must be trapped by the heat blocking layer. Firstly, there are small 
but finite amounts of material adsorbed onto the fibres and surfaces of the 
heat blocking material (s). Experimentally, using the technique outlined 
above, this seems to be a very small effect, and can be neglected. Second­
ly, at low heating rates, the urethane foam melts rather than vaporizing. 
This 11 liquid 11 urethane foam will then seep into the heat blocking material 
and be retained, either as an adsorbed liquid, or after solidification, 
within the heat blocking layer. Thirdly, for those cases where the heating 
rate is very high, the urethane foam may decompose so rapidly that an en­
dothermic cooling effect will be noted, enough to cool its surroundings suf­
ficiently to allow vapors to condense inside the heat blocking layer. This 
effect exhibits itself directly by a mass gain for the heat blocking layer. 
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The endothermic decomposition (in situ pyrolysis of urethane vapors) induced 

cooling effect from the urethane foam tends to improve the thermal prot­

ection efficiency of the heat blocker, and of the seat cushion as a whole. 

A cyclic protection process is induced, whereby the foam itself protects the 

heat-blocking layer, which in turn provides better thermal protection for 

the foam cushion. Because decomposition of the urethane foam cools the sam­

ple, less mass is lost when urethane foam is present. In point of fact, it 

was found advantageous to use non-fire resistant foam with many heat block­

ing layers, since the overall effect was quantitatively better than when us­

ing fire-resistant foam with the same heat blocking layer. Further, by 

punching holes in the back of the sample cushions to vent the cooling vapors 

back into the foam, we can decrease the rate of mass loss by the urethane 

foam even further, allowing transpiration effects to assist in the overall 

fire protection mechanism. 

It should be noted carefully, that individual fire resistance by the compon­

ents themselves do not necessarily confer good overall fire resistance on 

the sandwich itself. There are distinct synergistic effects noted, where 

the contributions from each component in the whole package are superior to 

their individual contributions. 

The heat blocking materials tend to protect the urethane foams by two dif­

ferent mechanisms. Materials with aluminum, such as aluminized Cel iox® and 

aluminized Norfab®, tend to disperse and/or reflect radiant portions of the 

heat flux. Materials. containing Neoprene®, such as Vonar®, tend to absorb 

the heat, emit water vapor, and thus cool the urethane foam. At low heating 

rates, materials that will disperse the heat tend to perform better. At 

high heating rates, materials that absorb the heat and create some form of 

endothermic process (such as water vapor emission) perform better. 

One of the practical difficulties of this form of testing is that at the 

conclusion of the test procedure, decomposition of the urethane foam contin­

ues after the removal of the heating source by shielding of the sample cush­

ion. At low heating rates (2.5 w.cm-2), this effect is small and can be 

.. 
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neglected. At heating rates of 5.0 w.cm-2 the effect is noticeable. At 

high power, with heating fluxes of 7.5 w.cm-2 the amount of urethane foam 

decomposing during this after-test quenching period can be a major contrib­

utor to total decomposition. 

A second shortcoming in this experimental procedure is that the precis ion 

achievable from nominally identical samples is poor. Thus, many samples 

must be tested, and average properties (mass injection rate and figure of 

merit) determined. Single determinations, or the use of data from one sam­

ple in a set, can be misleading. 

6.2 SUGGESTIONS 

To determine the exact fraction of the mass lost from the urethane foam 

that ends up in the environment as flanmable vapor, it is necessary to de­

termine the qualitative content of the gaseous effluent from the foam as the 

model seat is heated. Gas samples can be taken at various times during the 

test using a conventional industrial Msniffer", and subjected to analysis 

via routine GC/MS methods. This will also allow determination of the can­

t ribut ions made by the heat-blocking 1 ayer and wool/nylon decorative cover 

and/or other components to the flanmable vapor reservoir injected into the 

environment of the burning seat. 

A more exact measure of the temperature profile across the seat cushion 

would allow determination of the times and relative decomposition rates of 

the components in the seat cushion. Small (to avoid local thermal reservoir 

effects) thermocouples could be implanted into the sample to measure the 

temperature at different depths into the foam cushion. The actual tempera­

ture required for significant decomposition of the urethane foam can be de­

termined directly by TGA, measurement of the temperature of the foam at dif­

ferent depths (measured from the surface subjected to the heat flux) will 

indicate when any particular layer reaches decomposition, and thus an 

indirect but valuable measure of the effective mass lost from the foam it­

self, without resort to mass measurements that are suspect due to several 

contributing and often conflicting factors. Anong other advantages, this 
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indirect measure of mass loss would .obviate problems from "after-test" ter­
mination errors caused by the so-called quenching period. 

7. EXPERIMENTAL RESULTS AND DATA SUMMARIES 

The following calculations and. definitions are used in presenting the 
data in the tables and figures that follow. The mass injection rate into 
the environment is based on the mass lost by the urethane foam, and 
calculated from the surface area presented to the thenmal flux, and the time 
required to produce the observed weight loss. A relative figure of merit 
can be defined in tenms of the mass injected into the environment for any 
defined thermal flux. 

7.1 CALCULATIONS 

Wo ------ Weight of the sample. (The sum of the component weights) 
Wt(O) ---- Weight of the sample at the start of the test plus any tare 

weight. (The weight of the sample registered by the balance 
at the start of the test) 

Wt(T) ---- Weight of the sample at time T plus any tare weight (the 
weight of the sample registered by the balance at timeT 
into the test) 

Wf0 ---- Weight of the urethane foan before the test (in grans) 
Wff ----Weight of the urethane foam after the test (in grams) 
Te -------Total Elapsed time of test (in seconds) 
Area ----- Area of sample exposed to electrical furnace (cm2) 
Q --------Heating rate (in watts per centimeter square) 
M --------Mass injection rate. 
E -------- Figure of merit. 

% WEIGHT REMAINING = (Wo - [Wt(O) - Wt(T)] )/Wo*lOO 

% WEIGHT LOSS = [Wt(O) - Wt(T)]/Wo*lOO 

Mass inject ion rate = M = [Wf 0 - Wff]/Te*Area 

Figure of merit = E = QIM 
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7.2 DISCUSSION OF DATA AND CONCLUSIONS: 

A full listing of all data, more than 300 samples were tested, is given in 

Appendix A (blue colored sheets). It is useful to select from this listing 

those samples that exhibited superior performance, defined arbitrarily here 

as those model cushions that have a Figure of Merit (FOM) in excess of 10 

(in arbitrary units). 

The Figure of Merit is calculated from t'he quotient": 

Heat Flux Incident on Model Seat Surface 
Figure of Merit = FOM = 

Mass Injection into Environment 

Thus, the higher the FOM, the better is the performance of the heat blocking 

layer in protecting the urethane foam core of the seat cushion (less mass 

lost and potentially injected into the environment for higher heat fluxes). 

A listing of the best performing cushions is given in Table 2. It should be 

noted that the precision of data gathering from sample to sample, and the 

errors generated, do ot allow this figure of mer.it to be prcise measurement 

of performance. In selecting the best performing cushions, 25 such samples 

were noted with FOM values exceeding 10, however, several sample cushions 

occurred only once, even though tested more than once. These were deleted 

from the 1 isting, and only those samples that had frequency factors greater 

than unity were retained. For example, one cushion utilizing Vonar®-1 as 

the heat blocking layer exhibited an FOM value of 150! Simlarly, one cush­

ion that did not have any heat blocking layer at all, merely fabric covered 

foam exhibited a single value of 24 for the FOM value. 

It is important to note, that of the 20 samples appearing in Table 2, 16 of 

them (80%) are samples utilizing aluminized-Celioxe as the heat blocking 

l~er. Moreover, 18 of the 20 samples are ones with ventilation holes cut 

through the back of the heat blocking layer, to allow "breathing" by the 
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interior, and thus convect ive/transpirat ional heat exchange effects to as­
sist the thermal protection mechanism. One final point is worth noting, of 
the 20 top performing sandwiches, all but two of them utilized non-fire re­
tarded foam. 

Table 2. Model Seat Cushions Exhibiting Figures of Merit Exceeding 
10 Arbitrary Units at 2.5 Watts per square centimetre with 
Respect to their Mass Injection Rates into the Environment 

CONFIGURATION OF CUSHION SANDWICH FIGURE OF MERIT 
Mean + S.D. {# of samples} 

Fabric/Al-Celiox/NF Foam* 14.8 + 5.7 {4} 

Fabric/Al-Celiox/NF Foam 15.5 + 3.5 {2} 

Fabric/Celiox-Al/NF Foam* 13.4 + 2.8 {8) 

Fabric/Celiox-Al/FR Foam* 19.5 + 3.5 {2} 

F abric/Norf ab-A l /NF Foam* 18.5 + 1. 5 {2) 

Fabric/Vonar-3/NF Foam 20.5 + 3.5 {2) 

ns.D ... = Standard Deviation 
* Vent holes through back of heat blocking 1 ayer. 

.. 
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7.3 OTHER DATA 

Abridged summaries of the data collected for this project are given in Ap­
pendix A {blue colored sheets), and include the following: 

Table 1. Sample identification codes and compositions of the sandwiches 
tested in this program to date. 

Table 2. Abridged weight loss data for all samples tested. 

Table 3. Mass injection rates and figures of merit for all sandwiches tes­
ted to date at 2.5 watts per square centimetre. 

Table 4. Thermogravimetric data for various materials used in the con­
struction of aircraft seats. 

Table 5. Physical constants for some high perfonnance materials used for 
heat blocking layers, and for the selected wool/nylon decorative cover. 

Table 6. Smoke emission and heat release data for urethane foam alone. 

Table 7. Smoke emission and heat release data for Vonar® foams used as heat 
blocking layers in these studies. 

Table 8. Smoke emission data for polyurethane foams protected by Vonar® 
foams in sandwich samples. 

Table 9. Smoke emission data for various heat blocking layer protected foam 
samples. 

Table 10. Smoke emission and heat release data for sandwiches of foam and 
various heat blocking layers. 

Table 11. Heat release data for individual materials for aircraft seats. 

Graphical representations of these data, in the fonn of fractional weight 
loss as a function of time, are given in Appendix B (pink colored sheets) • 
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Miniature cushions a re approximately 3. 5'' squat·e, 
and awroximately 0.5" in thickness. 

hfter testing, they are broken open t.o examine for mass loss 
and overall damage to the center poly-urethane foam cushion. 

.. 
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TABLE 4. THERMOGRAVIMETRIC ANALYSIS DATA FOR MATERIALS USED IN THE CONSTRUCTION OF AIRCRAFT SEATS. 

SAMPLE POT ( ·c l MAX d(~~S) ('C) Pyrolysis Endpoint ( ·c l Char Ytel d (I) 
'11\Mf 

Air tf2 Air N2 Air tf2 Atr 

W-N r ahric 272 273 405 339 538 440 

i' 1 ~PI lOX 276 315 610 350 657 441 

·~) r r ~!"I 440 440 590 560 612 610 34 

Von.tr 278 276 385 352 600 517 36 

~I lJrethane 278 263 320 338 340 410 

IP 'Jrethane 268 250 331 380 381 401 II 

~!, ly' .lide 384 450 563 585 659 596 

Neorrene 229 228 370 364 532 495 68 

'POT' Polymer Decomposition Temper•ture 

~· PHYSICAL CONSTANTS fOR SOME HIGH PERFORMANCE MATERIALS USED AS HEAT BLOCKING LAYERS 

AND fOR THE DECORATIVE WCOI./NYLON COVER. 

MATERIAL ~;~~ {gr""st.Z) 
epl ppi YARN COUNT lo{AVE/KNIT 

WARP fiLLING STRUCTURE 
WOroted Count {WC) 

cpl ioxf' ... 

r,P.I"lE'~ n 10.0 {337.>0) 12 12 1/IOs Aaschel Kn 1t 
{WC) 

'lorf 11h• 8.3 {280.12) 20 27 E Ghss 150 1 X 1 Pla1n 
17rl'1 ~ ev 1 ar/ 1/0 Oref Spun 
') S\ N')mex /51 
~'ynol Wrap} 

'ifl• t .Jb-Aluminlzed 11.3 {381.37) 20 17 E Gins 1>0 1 X 1 Plain 

rf)am 

'lecol"at ive 
Upholstery 12.6 {42>.24) R1.0 >6.0 2/25, 2121, Jacquard Oouble 
'J '': wool we we Cloth 
1 tf, Nylon 

** In each series, the heat trec1ted fabrics weighefl approximately 2 oz/yd2 

(6.50 g/ml). less than the loom stated weight cited above. 

N2 

23 

58 

61 

47 

48 

54 
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~· SMOKE EMISSION ANO HEAT RELEASE DATA FOR POLYURETHANE FOAM ALONE. 

SMOKE EMISSION HEAT RELEASE 

MATERIAL HEAT TIME TIME VALUE VALUE TOTAL TIME VALUE TIME TOTAL 
DESCRIPTION FLUX (J (J (J (J SMOKE (J (J (J Q 

(wte.1-) INITIAL MAXIMUM MAXIMUM MAXIMUM Os INITIAL MAXIMUM MAXIMUM 
RISE (see) dS/dt dS/dt RISE dQ/dt (see) (Jtr.rJ) 
(see) m~~~e) !1•rt/ (see) (J/errf-

-see) see) 

3.5 2.0 18.0 100+ 1076.43 96.0 2.0 44.0 39.0 2350 - 3000 
N.C.F .1.-
ltl54CA-

Ftr-1 Retarded 5.0 1.0 15.0 150 161(.64 80.0 1.0 56.0 20.0 2200.0 
polyurethane 
Fo• 

7.5 0 - I 6.0 125 - 150 1346 - 538 59.0 o.o 68.0 18.0 2600.0 

.. 

TA8L£ 7. SMOKE EMISSION ANO HEAT RELEASE DATA FOR VONAA• FOAMS USED AS HEAT BLOCKING LAYERS. • 

SMOKE EMISSION HEAT RELEASE 

MATERIAL HEAT TIME TIME VALUE VALUE TOTAL TIME VALUE TIME TOTAL 

DESCRIPTION (~~~!z) 
(J (J (J (J SMOKE (J (J (J Q 

INITIAL MAXIMUM MAXIMUM MAXIMUM Os INITIAL MAXIMUM MAXIMUM 
(J/enf) RISE (see) dS/dt dS/dt A IS£ dQ/dt (sec) 

(sec) ~~~~!~c) c!'r!~c) (sec) (J/c,.:;.-
sec) 

Vonar 1 · 
Cotton* 3.5 8.0 23.0 10.0 107.64 10.0 8.0 z.o 10 - 25 o.o 

5.0 4.0 8 - 16 73 - 40 786 - 431 15.0 2.0 3.1 8.0 20.0 

Vonu 2 · 

Cotton* 3.5 2.0 10.0 11.0 764.26 31.0 2.0 11.0 13.0 250.0 

5.0 2.0 8.0 100.0 1076.43 40.0 0.0 19.0 8.0 300.0 

7.5 o.o 1.0 5!.0 548.98 30.0 o.o 11.0 5.0 100.0 

Vonar l · 
Cotton• 3.5 9.0 10 - 70 15 - 5 162 - 54 5 - 10 9.0 2.0 11.0 o.o 

5.0 3.0 7 - 40 62 - II 668 - 183 20.0 2.0 3.0 10.0 100.0 

• Cotton scrim cover sheet wrapped around foam as in real seats. 

TABLE 8. SMOKE EMISSION DATA FOR POLYURETHANE FOAM PROTECTED BY VONAR• FOAM HEAT BLOCKING LAYERS• 

MATER I AI. HEAT Tilt: TIME VALUE VALUE TOTAL 
DESCRIPTION FLUX (f OF (f (f SMOKE 

(wtem2) INITIAL MAXIMUM MAXIMUM MAXIMUM D, 
RISE (see) dS/dt dS/dt 
(sec) (p~rt/ ~art/ 

ft -see) -see) 

Yona,.-1* 3.5 5.0 11.0 18-0 194.76 260.0 

5.0 2.0 5.0 61.0 656.62 270.0 

7. 5 2.0 5.0 100.0 1076.43 230.0 

Vonore-2• 3.5 4.0 20.0 100.0++ 1076.43 210.0 

5.0 2.0 15.0 100.0++ 1076.43 210.0 

7.5 1.0 15.0 100.0++ 1076.43 

Yonar4-3• 3.5 6.0 10.0 25.0 269.11 290.0 

5.0 4.0 7.0 86.0 925.73 270.0 

7.5 3.0 6.0 100.0 1076.43 330.0 

. Urethane fo• wrapped in a cotton scrim cover sheet. heat blocking layer (Vonare fo•) Wf'IPPed around 
this eentral eushloning paekage. 
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TABLE 9. SMOKE EMISSION CHARACIERISIICS FOR SANDWICHES OF FR·FOA" PROTECTED 

BY VARIOUS HEAT BLOCKING LAYERS (WITH AND WITHOUT FABRIC COVERS!· 

MATERIAL VALUE VALUE TIME TIME 
DESCRIPTION fF FOAM IF FOAM fF FOAM J' FOAM 

HAll HUM MAIIMUH I NVOL VEHE N I ~AI I MUM 

m~:~c) ;,art/ (sec) 
-sec) 

Wool.Nylon F abric/FOIITI 41.0 484.39 11.0 31.0 

(12.6 oz/sq. yard) 64.0 688.91 1.0 30.0 

99.0 1061.66 2.0 11.0 

Von.,.·l/FR Foam 100.0+ 1076.43 11.0 30.0 .. 100.0+ 1076.43 10.0 I 1.0 

100.0+ In76.43 1.0 10.0 

Al·Norfab•/FR Foam 13.0 170.11 90.0 130.0 

15.0 592.03 50.0 90.0 

F lbrtc/AI-tbrfa~/Foa• 12.0 111.74 11.0 131.0 

50.0 538.21 50.0 70.0 

39.0 419.81 30.0 45.0 

TABLE 10. SHOKE EMISSION OATA AND HEAT RELEASE OATA FOR SANDWICHES Of FR FOAM ANO 

VARIOUS HEAT BLOCKING LAYERS (WITH ANO WITHOUT A WOOL-NYLON FABRIC COVER!· 

MATERIAL HEAT TH'£ TIME VALUE VALUE TOTAL 
OESCRIPT ION FLUX IT OF Of (F SMOKE 

(•/cnf) INI"'IAL MAl IMUH MAll HUM HAIIHIJH Ds 
RISE (sec) dS/dt dS/dt 
(sec) (~~~~;ec) ~art/ 

~sec) 

F abric/FR Fo• 3.1 11.0 31.0 41.0 484.3 10.0 
(11.6 oz/sq. yard) 1.0 5.0 30.0 64.0 688.9 81.0 

7.1 1.0 11.0 99.0 1061.6 101.0 

Vonare-UFR 5.0 1.0 20.0 110.0 3700.0 13.1 451.6 

Vonare-3/FR 1.0 30.0 61.0 270.0 4010.0 13.1 793.1 

AI-Norf ah•!Foam 3.1 90.0 110.0• 13.0 170.11 200.0 
1.0 20.0 No Peak 120.0 

Fabric/A 1-PbrfabA/FnAm 3.1 s.o 26.0 26.0 279.8 185.0 
5.0 7.0 10.0 31.0 344.4 130.0 • 7.1 1.0 10.0 13.0 139.9 90.0 

TABLE 11. HEAT RELEASE DATA FOR VARIOUS MATERIALS USED FOR AIRCRAFT SEATS 

HATER TAL TIP'£ TIM£ VAll( TOTAL 
OESCRIPTION fF (F fF 

(.1/c::Z) INIIIAI MIIH114 MAXIMUM 
NJC,J (sM) <lll{dt 
(SPl:) .1/cm'--

sec) 
·----

Wool-Nylon Fabric/FA Fo411!1 1.0 • 2.0 41.0 27.0 1100.0 
4.0 35.0 11.0 1000.0 
1.0 JS.O 1].0 1300.0 

.,1-NorhiJe/FR Foam 110.0 110 • 210 16.0 1710.0 
40.0 90.0 n.o 1100.0 

F lllbr'tc/A1-ftJrfa~/FR Foam 4.0 140.0 32.0 4610.0 
1.0 8.0 18.0 1600.0 
0.0 10.0 11.0 1100.0 

---------~-------



204 

PAll NO. tt4261·003 

s-pa .. ALC£1..mxN2 
St ... 11.8 MC 
R..U. 1W1P HEATING 
Pt-or- 1...__-""'• DIC .. a. • 

21 

II 

• 

-51 - - .. 

PAit NO. tt4U1-003 

s-..a. ALC£LIIIX 
St- a.a MC 
R.._ RAMP HEATING 

osc 

DIIPalllllllll'lllllll 

~.. a•.Na-aa n- a• a• a 
Ftl• ALC£1..111XN2.al 
ap-_._.. PI< 
.. a .. \~ l .. J .. a-aa Uo llo !II 

- - ,. -T ........... .,. .•. (''::; 

DSC 
~ lt-J.,l-11 Tt- llo a• 411 
Ftl• ALCELIOX.G 
ap-....... PI< 

~~r-~~~~-.~~--~~+-._~~~~-.~~--~~+-~~ 

-· - --- - ,. -T_...a.r. c-o 

.. 
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PUT NO. 994261-003 

s-pl.. FRURET1tl2 
sa .... a. a MG 
Ral., RAil' HEATJNC 

DSC 

DuPont lr~INIIIIIII 

Dal.. l .. Jul-81 n- llo 171,. 
F 1 J., FRII!£TIII2. 112 
ap-al.,... PK 

urr-~~~~-+~----~~+-+-~~~~-+~----~~+-~; 

• 

-!Ill ,. - - -

PART NO 994261·003 

s-pl.. FR '-'lElll 
Sto:., 3.4 MC 
Ral., RAil' HEATJNC 
Progr-- J,.\.roaltve DSC v 1. 8 I. 

- 1'1: 

,. --

DSC 

-

DuPont lna11'11118nll 

Dot• 7-Jul-81 Tt- 14o IIIIo 411 
F 1 1• FRliRElll. 81 
ap-al-. PK 
PloU.. 8-Jul-81 llo 32138 

-



• ! 

! 
L 

I 

~ 
! ... 
1 
:! 

'ART NO. 994261·003 

s-p1. NFURimll2 
S&- 1.11 MG 
R..l. IW4P HEATING 
P...,.-- l~lv• DSC vl.l 

a 

4 

-Ill 

206 

DSC 

DuPont hllllrllleltl 

DoMo e-J .. 1-81 Tl- 14tl5o II 
F& 1• NF1.IRE'ntl2. II 
ap..-.n... PIC 
P1-~ e-J .. l-11 14t 43o 4S 

~._~~-~~-~+-~-.. ~-+-~~~~ .. +-~-.. ~-+-~~~--~+-~--~-+-,-.. ~~-,,·.--~,~~ 

T.....,..wr-- - o..P-.\ 11111 

PART NO. 91hU1.('10J OUP.:::! ~istruments 

s~ .. HFIJR£TH o-.. a-J .. l-11 n- 11o 24t 18 
s&- 1.7 MG DSC F I 1• NFURETH.III 
R..l. RAil' HEATING o,--•-. PIC 
.......,.._ l~IY•DSC v1.1 P1oU_. a-J .. 1-81 13. .... Ill 
Ill 

12 

a 

4 

• 
-4 

-a 

-12 

hill ~ .. ~ .. .. 711 - - 1 .. u• 1~ T........-- <"O P.,P-.\ 11111 



.. 

.. 
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PART NO 01'147"' .n" 

S-,.l•o PlFC/IMN2 
Sla•• 1.11 MC 
R ..... , RIIMP HEIITlNG 

osc 

ou Pont Instruments 

Coho llll-Jul-91 n.,., 13o 212olll8 
Flleo PlFCIIMN2. 211 
Dp•,..o\.ot"l PK 

''T-~-+~--~~~-+~--~~~-+~--~~~-+~--~~---+~ 

-· 
sa -· J 
• • ;;: -12 

l 
-IB 

-221 

-24 

""" -

PART NO 994261-003 

S-f>l., PlFO/IM 
Sl- 2.1 MG 
R...,., RAMP IE/I TlNC 

3111 

-211 

+ 
+ 

511111 BIJIJ 711111 111111 IIIJIIIJ 111111 121m 
T • .,p .... o\u,... C •c> CuPo~~ 11119111 

osc 

OUPOIItllllti'UIIIellts 

c..... 8-Jul-91 Tl- a. • 18 
Fll.. PI FOAM. 11 
Dper-......... PI( 
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~ 

• 0 
i;" 

i 
.J 

s-pl• v~ 
Sino 1'3. 1 MG 

R~.. - HEATING 

208 

DSC 
D~.. 9-Jul-Bl T1- lS. 48. Sll 
Fll• VONARHZ.III1 
o,_..~ ..... PI< 

h-ogr~ ln4:..ra0'4:.lv• OSC vl. QJ 

"'t -- -t ....... - ....... - ~ ~ ---+ --
Pl~+..do 29-Jul-81 llo S1o S'3 

....... ·--t·-~--t 

"lllr 

t 
•t 
T 

-">liT 
T 

-411t 

t 
--t!lllt 

T 
-aer 

T 
-11111t 

I ... 
~ 

.... 
l! ... 

S-Pl., VQHAR 
Six•• 11.8 MG 

--~ ~ Tli 3811 .. +- ,.., .... - ...... -.-+--
,._per«lur• c•o 

PART NO 994161-003 ou Pont Instruments 

I 
+ 
+ 
+ 
t 
+ 
i 

t 
.... .l. 

- 8411 
Duf'onl. 11119111 

DSC 
D.R... 9-Jul-81 T •- e. '3llo 111'3 
FU.. VONAR.IIIl 

R~ .. RAMP HEATING Opar~.,... PI< 

Ill 

211 

~~+--lllll+-~-l!IIII~~~ .. ~-+--41111~~-.. ~~~IIIIN~-+--;<N~~-.. ~~~-~-+-1~1111111~~~1~11111~~~1l!llll± 
T._.o··-L'""" \"0 Duf'on\ 11119111 

'-



PAll NO. 994161-003 

s-p1.. WCCJLNYN2 
S&a .. 4. 2 IIG 
1'1•"- 1WP HEATING 

... 

209 

DSC 
D.\eo 111-J..,l-11 T&oo., 1h IS. 17 
Fll.. WDDLNYNZ. 11 
llto-•1..,., PK 

•R+-~~-~~~~~~, .. ~-+~~~~~ .. ~~,~~-~._=,.~~~ .. ~-.~ .. ==-+~1 .. ==~~~~~-~~~~~ 

PAIT NO. tt4261.003 

S..,.l• V-co-FAIRJC 
Sl- S. 5 IIG 
111""- 1WP IEATJIIG 

T.-p•r-:~"t:.u.-e c•c> aup.,\. liM 

DSC 
D.l... &-J ... l-11 T&- l.38ol2 
Fll., IIOILNYL. II 
a,---. PK 

''r-·~~~~-.-.~~~~~+-~~~-.-.~~--~~+-~~ 

- - - .. 


